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H. T. DUNBAR & CO.’S DRILL BOAT “G. A. HOWELLS.” 











LIDGERWOOD M’F’G CO., 
Boston. ; Chicago. 
Paltotstetbia. 96 Liberty Street, pesiaieds Ore. 


Cleveland, O. New York. New Orleans. 


STANDARD Cableways, 


Hoisting 
AND 
Conveying 
Part System. g S =L = Devices, 


For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Mining, | 
eee isthe and General Contract Work. 


riske brothers Refining U0. 


NON-CARBONIZING OIL_-~> 


< AIR COMPRESSORS, 


Also All Grades of Lubricants for use on Machinery 
Propelled by Compressed Air. 


Office ‘and Salesroom, No. 59 WATER ST., NEW YORK, U. S. A. 
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THE WORK OF THE DRILL. 


FOR ALL PURPOSES: 
COAL, IRON, STONE, WATER, GOLD, SILVER, OIL, COPPER, TIN, ETC. 
ae 


‘Boring and Drilling” 


AN ILLUSTRATED TECHNICAL MONTHLY. 
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Methods of Boring. New Appliances. Sections of Strata, Etc. 
RECORDED. 


Editorial Office: Subscription: 
45 Devonshire Chambers, Bishopsgate, For the year, - - 10s, with postage. 
London, E. C. Single copies, - - 1s. 
SEE SEPTEMBER NUMBER FOR SPECIAL ILLUSTRATED REPORT 
OF BORING ENGINEERS’ CONGRESS AT FRANKFORT. - PRICE 2s. 
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; COMPRESSED AIR MINE HAULAGE. 


SAFEST, MOST ECONOM- 
ICAL, HANDIEST, MOST 
ADAPTABLE TO VARY- 
ING REQUIREMENTS, 
AND MOST RELIABLE. 














We introduced the first air haulage into anthracite mines, and have installed 
about 90 per cent. of the air locomotives in use in America. We can refer to some 
25 plants in operation, each with one to six locomotives, track gauges 18 to 56% 
inches, underground and surface haulage. Our designs are automatic, easily 
controlled and free from complications. 

SPECIAL OFFER: On application of Mine Superintendent or official of 
operation likely to use locomotives, we will mail free our Ninth Edition “Light 
Locomotives,” 233 pages, describing 600 steam and 60 air locomotives. To 


accommodate others a copy will be mailed on receipt of 50 cents (in stamps if 
nes). 


ade... HK, PORTER COMPANY, - - 540 Wood St.. Pittsburgh, Pa. 
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Boston. New York. Philadelphia. Pittsburg. Chicago. 
Foreign Dep’t, Dock House, Billiter St., London, E. C. 


NATIONAL TUBE COMPANY, 


7° 
, MANUFACTURERS OF 
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Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 
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Special Light Lap-Welded Pipe, fitted with the Converse 
Patent Lock Joint and Matheson Patent Joint for Water 
and Gas Mains. 

Cylinders with Dished or Flat Heads for Carbonic Acid and 
other Gases. 


NEW YORK OFFICE, HAVEMEYER BUILDING. 
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—PULSOMETER Si 
“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 





The Handiest, Simplest and Most Efficient Steam Pump for 
General Low Service Mining, Quarrying, Railroad, Irrigating, 
Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump, 








PULSOMETER STEAM Pump Co. 


Catalogue on Application. Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
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the B. IF. Goodrich Company. 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U.S.A. 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street. 143 Lake Street. 35 New Montgomery Street. 


Rubber Goods 


OF FINE QUALITY, | 
Z 





HOSE FOR ALL PURPOSES. Gs 


AIR HOSE for Rock Drills, Compressors, ILLUSTRATED 
Mining Machines, Pneumatic Riveters, etc. CATALOGUE. 





STEAM HOSE, Etc. 


Belting, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., etc. 
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_ COMPRESSED AIR. 


Suited to All Conditions and Places from 

| Which Water is Taken. : : : : : 
Sent on Trial to All Parts of the Country. 
Types : 


| 
| Can be Installed by Any Mechanic. : Pd 
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a Single and Duplex Displacement and Piston | 
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141 Broadway, New York. 


Duplex Displacement Typ 
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Published Monthly. 


This is the only publication devoted to the useful applic ition of compressed 
air, and it is the recognized authority on all matters pertaining to this subject. 


NOW IN ITS SIXTH YEAR, 
RATES OF SUBSCRIPTION. 
United States. Canada and Mexico 


All other Countries, 
Single Copies, 


per vear, $1.00 
xi 1.50 


10 
“ a y 
SPECIAL. 
A 
Clubs of ten subscribers, : : : : ; : : ; 5.00 » 
+ . (/ 
The attention of Engineers, Superintendents, Railroad Master Mechanics, X 


Manufacturers of Compressed Air Appliances, Students, and all others 
whose association with compres-ed air require the widest knowledge of the \ 
application of air power is called to this Special Rate. It enables them ) 
to place the magazine in the hands of operators of compressed air 
apparatus by club subscriptions at an extremely low cost, 


LIST OF BOOKS ON COMPRESSED AIR. 
Volume No. 5, Compressed Air,” ; - ; : g . cloth, 2.00 
March, 1900—February, rgo1r, inclusive. ‘the twelve numbers of 
‘*Compressed Air,’ which make up this volume are profusely ilfustrated 
with fine half-tone engravings and line cuts of a large number of important 
applications of compressed air. 


> 


“Compressed Air Production,”’ by W. L. Saunders, . ‘ ; . cloth, Z.0o 
Compressed Air Production or The Theory and Practice of Air Compression. 
By W. L. Saunders. A practical treatise on air compression and com- 
pressed air machinery. [t contains rules, tables and data of value to 
engineers 
** Pumping by Compressed Air,’ by Edward A. Rix, . P 75 
A practical treatise on this subject, containing ore information, with 
diagrams and tables. The different systems are described and compared, 
and the advantages of each impartially stated. 
‘*Compressed Air,” by Frank Richards, ; ° : ° . cloth, 2.50 


Compressed Air, by Frank Richards. Contains practical information upon air 
compression and the transmission and application of compressed air. 


“Liquid Air and the Liquefaction of Gases,” by Prof. T. O°Conor Sloane, 350 pages, 2.50 


es upon oe Transmission 7 Power by Compressed Air in Paris, by A. 
B. 


. Kennedy, F. R. 8., M. Inst. C. E., Emeritus Professor of Engineering in 

U ree C ~ Wag London. The ‘Transmission and Distribution of Power 

from Central Station hy  veenoeae Air, by William Cawthorne Unwin, B. 

8. C., F. R. S., M. Inst. C.E., ‘ ° . , : -50 
The Tranemission of Power by Compressed Air, hy Robert ee, M. E., +50 
**Tunneling,’’ a practical treatise, by Charles Prelini, C. E With additions shad 

Charles 8. Hill, C. E. 150 diagrams and illustrations. C loth, 3.00 


Forwarded postpaid on receipt of price. 


“COMPRESSED AIR,” 26 cortianpr st., NEW YORK. 
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No. O BREAST DRILL. 
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oe ) & 
* 1% All Working Parts Incased. } 
v & - P % 
& | Gears Run in Oil Chamber. + 
- |e + 
“— K 
& |= An important feature which is found 4. 
oe : ? 
+ |- in NO OTHER pneumatic drill is an ; 
+ |¢ ; : + 
& |» oil chamber enclosing the gears and bear- 
& |Z ings, allowing them to travel in oil, and % 
% | avoiding wear, friction and frequent P 
+ (2 oiling. 

Deed i: 

: No. 00 Drill, Capacity 3/16 in. weight 544 Ibs. 

= Pact No. 0 Dri:l, Capacity 7/16 in. weight 10% Ibs. 

te No. 0 Extra Drill, Capacity 34 in. weight 15 lbs. 

} No. 1 Drill, Capacity 1 in. weight 35 Ibs. 

“at No. 1 Extra Drill, Capacity 1} in. weight 49 Ibs. 
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: PNEUMATIC MOTOR HOISTS. i 
+ — + 
Ki > 
+ Take little head-room. t 
* Light, easily handled. os 
eH z 
oy Not dependent on air pressure eH 
2 to sustain load, pt 
» 4 Made in following Capacities: = 
+ Differential, Class ‘‘A’” Hoists he 
‘i 1,500, 3,000, 5,000 and 40,000 + 
; lbs, Friction Brake, Class “B” : 
oo Hoists, 800, 1,500 and 2,500 Ibs. te 
vy i of 
? ee of 
t Our goods are used by the > 
: | | U. S. GOVERNMENT ¥ 
ee all in a NAVY YARDS : 
“ DIFFERENTIAL HOIST. in the east. FRICTION BRAKE : 
+ Send for Illustrated Catalog. + 
* EMPIRE ENGINE & MOTOR CO., ; 
: OFFICE AND WORKS: ORANGEBURGH, N. Y. + 
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Established 1831. Annual Capacity 1,200. 


BALDWIN LOCOMOTIVE WORKS, 


Single Expansion and Compotnd Compressed Air Locomotives, 








Adapted to a great variety 

of service. Built to gauges 

and templates from stand- 
ard designs. 


[PEAR PSARPSARPIARPIAAR A 


Similar parts of different 
engines of same class per- 
fectly interchangeable. 


verry 


Highest efficiency at- 
tained by compounding. 





BURNHAM, WILLIAIIS & COo., 
PHILADELPHIA, PA., U.S. A. 
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¥ An Important Connecting Linkin Compressed Air Service. 


THE 


Moran Flexible Joint 


For high pressure, indispensable. 


Tightness, safety, flexibility and durability 
assured. 


Parties making experiments with Com- 
pressed Air may have the use of the “ Moran 
Joint” free for a limited time. 


MORAN FLEXIBLE STEAM JOINT CO., 


¥ LOUISVILLE, - - - - - KENTUCKY. 
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CAMERON 


STEAM PUMPS 











COMPACT. 
SIMPLE. 
DURABLE. 


NO OUTSIDE 
VALVE GEAR. 


Easily Started. 

Easily Stopped. 

No Dead Centre. 
Thoroughly Reliable in 
Operation and Service. 

FOR EVERY DUTY. 


em GE Thoroughly Tested and 
| Guaranteed. 


BUILT FOR EXACTING 
SERVICE. 


¢ Our NEW 132 page catalogue 
REGULAR PATTERN will interest vou, FREE. 


|| wena: | 


PIPE PATTERN 








A.S. CAMERON STEAM PUMP WORKS 


NEW YORK CITY, U.S.A. 
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PUMPING! conénesseo a 


THE HARRIS SYSTEM FOR MINE STATION PUMPING 


SYSTEMS DESIGNED 
FURNISHED AND INSTALLED. 


veut, 128 BROADWAY, NEW YORK. 














The Caskey Portable 
PNEUMATIC PUNCH. 


FOR LIGHT AND HEAVY WORK. 


Saves exactly half the space in length 
needed to do the same work with a sta- 
tionary power punch. 

Saves more than half the labor, only one 
man being required, who can readily do 
more work than several men on stationery 
machine. 

Saves expense of drilling on many lines 
of work that cannot be done on power punch 

Avoids much inaccurate work, being so 
much more easily guided and controlled in 
the hands of one man than a sheet or beam 
moved by several men at once. 

Construction is extremely simple, insuring 
low cost of repairs. 

Prices, references, and all further informa- 
tion, on application to the builders. 


F.F.Slocomb & Co., 


WILMINGTON, DELAWARE. 


Built in four sizes. Cut shows size I. 














Compressed Air. 


OR 
THE COMPRESSED AIR MAGAZINE. 


A MONTHLY PUBLICATION DEVOTED TO THB USE- 
FUL APPLICATION OF COMPRESSED AIR, 


W. L. SAUNDERS, - -  Kditor and Proprietor 
J. E. QUINTERO, - - ~ s a 
M. E. VARIAN, Siok et ie ule ee y Associates 


Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All other coun- 
tries, $1.50a year. Single copies, 10 cents. 





Advertising rates furnished on application. 


We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
pressed air. 


Allcommunications should be addressed to Com- 
PRESSED AIR, 26 Cortlandt St., New York. 
London Office, 114a Queen Victoria Street. 


Those who fail to receive papers promptly will 
please notify us at once. 


Entered as Second-Class Matter at the New York, 
N. Y. Post Office. 
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Elsewhere in this issue we print in full 
a paper just published in Engineering 
News for May 30th, which discusses “Inlet 
valves and their relation to the efficiency 
and volumetric capacity of air compres- 
sors.” Some features of air compressors 
are frequently overlooked by the prospec- 
tive purchaser or actual user and quite as 
often disregarded by manufacturers, either 
purposely or from ignorance. 

A combination of human nature and 
“business enterprise” is perhaps responsi- 
ble for the peculiar condition we find 
about us, which results in each manufac- 
turer claiming that his produet is the best. 
This state of affairs does not limit itself 
to makes of soap and blood purifiers, but 
runs up and down the entire gamut of 
manufactured products and_ includes 
manufacturers of air compressors as well. 

The author gives as his belief “that the 
inordinate claims made for many ma- 
chines of this class (mechanically oper- 
ated valves) are not made because of any 


lack of moral integrity on the part of 
their builders, but because of failure to 
thoroughly analyze their valve motion in 
connection with indicator cards and to 
properly measure the volume of intake 
air, 

Perhaps this is the fairest way to look 
at it, and we feel that with very few ex- 
ceptions, it is the true solution to the 
problem why so many types and so 
many forms of valve motions are to be 
found and why all are claimed to be per- 
fect by their builders. 

Whatever the cause the fact remains, as 
the author states, that there is a singular 
diversity of opinion among makers of air 
compressors, and in some cases, a serious 
lack of absolute knowledge exhibited 
which leaves the impression that many 
forms made and sold by concerns with 
established names are sporadic growths, 
more or less mushroom in character, re- 
sulting from the fact that they were pro- 
duced hastily without experience to meet 
the increasing demand for air compres- 
sors, which is following as a direct re- 
sult of a better understanding of the wide 
applicability of compressed air to shop 
and general purposes. 

The author seriously objects to the rat- 
ing of compressors according to actual 
piston displacement on the ground that 
“this is a theoretical and not a practical 
basis.” If a manufacturer of compressors 
attempts to sell on this basis claiming that 
his machine realizes the full theoretical 
efficiency, such maker should be carefully 
avoided, for he is nearly related to the 
perpetual motion crank. On the other 
hand, any attempt to classify air com- 
pressors according to the actual capacity 
of the compressor, as the author sug- 
gests, would result in a still greater con- 
fusion because very few makers of air 
compressors are willing to tell the plain 
unvarnished truth about the capacity of 
the machine. 

The better way is to have the piston 
displacement as a limiting standard from 
which a deduction of from 5 to 25 per 
cent. should be made to obtain actual 
capacities. It is also advisable when a 
compressor is encountered for which 100 
per cent. or even 08 per cent. efficiency is 
claimed, to insist on a volumetric or 
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actual capacity test. We are glad to note 
that the author calls attention to the 
variation and inaccuracy of indicator 
cards, as taken from some air cylinders. 
In fact, by a little adjusting and fixing, it 
is possible to produce remarkably fine 
cards from a very inefficient cylinder. For 
instance, a card obtained at half speed 
will make a better showing than one 
taken at full speed, or one taken when the 
machine is cold may make a better ex- 
hibit than another taken from the same 
machine after it has been running under 
heavy load for several hours. 

As is stated in the paper valve adjust- 
ment, referring now to rigidly connected 
valves, plays a most important part in the 
appearance of an indicator card, an early 
closing of the inlet valve reducing the ca- 
pacity of the compressor. Early or late 
opening of discharge valves, changes in 
receiver pressure and a variety of other 
causes are at work to interfere with the 
proper working of rigid mechanical 
valves. 

Clearance also must not be neglected, 
as in most instances, it is greater than 
with poppet or other forms of valves not 
“mechanical.” 

To regard an air compressor cylinder 
as entirely in the light of experience with 
steam engine cylinders is most mislead- 
ing, for not only are the conditions of 
pressure, inlet, discharge, etc., entirely re- 
versed, but the working medium or fluid 
is entirely different. 

With engine practice, it is quite true 
that valves must open or close at the 
proper time, but a slight variation one 
way or the other makes no material dif- 
ference. Take for example the “cut off”. 
The difference between 7-16 and ™% cut 
off is slight and, speaking generally, does 
not affect the actual delivered work of 
the engine. 

Imagine the discharge valve of an air 
compressor opening at a pressure, say 
1-16 below the receiver pressure, although 
it would really be greater than this for 
the pressure runs up rapidly at the end of 
the stroke and 1-16 of the stroke may 
mean 1% final pressure. 

A case of this sort which is, of course, 
exceptional, illustrates the nicety with 
which mechanical air compressor valves 
must be adjusted and the reason why 
many engineers refuse to consider rigidly 
connected inlet or discharge valves or me- 
chanical valves as they are generally 


known when purchasing an air com- 
pressor. 

It would seem that a middle form, one 
between the poppet and the rigid valve is 
the ideal type. A valve which opens and 
closes without a spring or rod and yet one 
which really floats, always subject to 
variation in the cylinder and _ receiver 
pressures so as to open or close at just 
the right moment without restricting the 
inflow of free air into the empty cylinder 
or the outflow of compressed air into the 
receiver. 

The subject is one requiring more space 
than can be given it at this time; so, like 
the author, we must content ourselves 
with a mere mention of it. 

A careful study of Mr. Corey’s paper 
will be time well spent, and we have 
printed it in full for this purpose. 


A Modern Submarine Drill Boat. 

We illustrate on the frontispiece the drill 
boat, “G. A. Howells,” which has recently 
been built on the lakes by H. T. Dun- 
bar & Co. Messrs. Dunbar have been 
for more than twenty-five years engaged 
in submarine rock excavation in the great 
lake region, and this boat embodies the 
best principles resulting from this exper- 
ience. Submarine rock excavation is dif- 
ficult and expensive work. Experience 
and close contact with the difficulties in- 
volved are essential to success and profit 
in work of this kind, and this boat in its 
simplicity of construction, rigidity and in 
the details, especially of the drill mount- 
ings, should be capable of efficient work. 
his system of drilling is peculiarly appli- 
cable to large ledges of rock. Three 
“Rand” drills are mounted on light but 
rigid frames and are capable of drilling 
oles of from twelve to fifteen feet in depth 
without change of bit. The machines are 
not fixed to the edge of the scow, but can 
be moved horizontally as well as vertically. 


Air Compressing Plant of the Never-Sweat 
Mine of the Anaconda Copper Mining 
Co, at Butte, Montana. 





In no subject of the many which to- 
day holds the attention of the reading 
public can there be found one so frauglit 
with interest as that of mining. And, in- 
deed, there is good reason for this inter- 











— a eee 


>» 
. 


it 














est, for the mining industry of any coun- 
try is one of its foundation stones, and 
prosperity in the mining fields is an in- 
dication of national welfare. In this con- 
nection, Andrew Carnegie’s epic remark 
that iron and steel production is the ba- 
rometer by which the prosperity of a 
country may be traced, must go still fur- 
ther back to the mine in order to be com- 
plete. This is true, perhaps, in a lesser 
degree in the case of all of the base or 
largely used metals of which copper un- 
doubtedly takes first place. 
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This enormous output is made possible 
only by the use of the most improved 
methods and perfect machinery, and in 
this connection, it is interesting to note 
the very large use this company is mak- 
ing of compressed air for operating its 
machinery. 

A few years ago in the youthful days 
of electricity, it was predicted by the en- 
thusiastic ones that electrical apparatus 
would soon supplant every other form of 
machinery in mining. In the light of this, 
the Never Sweat plant at Butte, Montana, 





In evidence of this, we need only ex- 
amine the mineral statistics of the past 
year which show that the total production 
of copper for the United States amounted 
to 600,832,550 pounds and disintegrating 
the figures still further, we find that one 
company, The Anaconda Copper Mining 
Co., mined, smelted and shipped a very 
large proportion of this. 


Arr ComMpRESSING PLANT OF THE NEVER-SWEAT MINE OF THE ANACONDA 
Coprer Mininc Co. at Butte, Montana. 








is extremely interesting, constituting as it 
does one of the largest compressed air 
equipments in the country and, in fact, 
in the world. The accompanying illus- 
tration affords a partial idea of the size 
and arrangement of the compressors of 
this plant. 

In the one engine room shown, there 
are three improved cross compound In- 
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gersoll-Sergeant Corliss compressors, two 
of these have high pressure steam cylin- 
ders 24 inches in diameter, low pressure 
cylinders 44 inches in diameter, and a 
stroke of 48 inches. Directly behind each 
steam cylinder and in line with it is a Pis- 


ton Inlet air cylinder 24% inches in 
diameter and 48 inches stroke. At 70 
revolutions per minute, each of these 


compressors develops 690 I. H. P. and has 
a free air capacity of 3,422 cubic feet. 

The frames of the engines are solid 
castings of a high grade iron and are de- 
signed to be amply strong to carry the 
strains resulting from the addition of the 
air cylinders. 

The shafts are forged steel carefully 
turned and polished, with cranks and fly 
wheel keyed to them. The two cranks are 
made of charcoal iron, of the disc pattern 
with crank pin and connecting rod coun- 
ter-balanced so that the engine runs evenly 
and without vibration. 

All bearings are provided with remov- 
able boxes and special adjusting arrange- 
ment to take up wear. The design pro- 
vides ample bearing surface to avoid heat- 
ing and decrease the wear. Automatic 
sight feed oiling devices are used through- 
out as a further precaution. 

The cylinders, on which so much de- 
pends, are made of a special grade of iron 
and are so proportioned that they will 
safely stand a working pressure of 125 
pounds after being rebored once. After 
a short time they wear smooth and take 
on a polish which, with dry steam, lasts 
indefinitely. 

The valve motion is the well-known 
Corliss Automatic Cut-off type and in- 
cludes only modifications of details which 
experience has warranted. The rods and 
mechanism used to operate these are all 
of ample size and carefully made with a 
full polish finish. 

The valves proper are so constructed 
that they may be taken out without dis- 
tributing the valve stems or changing the 
adjustment of the valve gear. 

An Automatic Governor of improved 
form is provided, which is fitted with an 
automatic safety stop to shut down the 
engine in case of any accident to the 
operating or controlling parts. There is 
also an automatic pressure regulator 
whose purpose is to maintain the air at a 
constant pressure regardless of the de- 
mands being made upon the engine. 

The air cylinders, the good or poor 
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working of which so largely control the 
economy and general success of any com- 
pressed air equipment, are of the well- 
known Ingersoll-Sergeant Piston Inlet 
type. 

This is a radical departure from the old 
forms of poppet and spring inlet valves, 
and consists of only three working parts, 
two valve rings and a tube solidly at- 
tached to the back of the piston. Extend- 
ing cut through the back head this is like 
a tail rod and, in addition to its function 
as an inlet for the air it steadies the pis- 
ton and takes a certain amount of weight 
off the bottom side of the cylinder. 

The accompanying illustration, which is 
a diagramatic section of this type of cyl- 
inder explains its general construction. 

It will be noticed that there is water all 
around the cylinder and throughout both 
heads, a very necessary feature since the 
air is heated by compression and must be 
cooled for the sake of economy and safety. 

The valves are in the faces of the piston 
and travel back and forth as it moves, an 
arrangement that results in an automatic, 
positive and prompt action. It is claimed 
by the Ingersoll-Sergeant Company that 
this form of valve gives the largest area 
of valve opening, permits the smallest 
clearance and hence greater volumetric 
efficiency, gives cooler air and a longer 
life for the valves, which they guarantee 
against breakage for 5 years. 

The third compressor is in all respects, 
except dimensions, the same as the ones 
just described. It is, however, consider- 
able larger and is in fact one of the larg- 
est air compressors ever built. In this 
the high pressure steam cylinder is 30 
inches in diameter, the low pressure 56 
inches, both with a 60-inch stroke. The 
shaft is 16 inches in diameter in the bear- 
ings which are 32 inches long, and 18 
inches in the center, where is a 20-foot fly 
wheel with a solid iron rim 20 inches 
square. This wheel alone weighs 75,000 
lbs., or 37% tons, a statement giving some 
conception of the size of this machine. A 
further idea of its size is afforded by the 
piston rods which are 5 inches and 6% 
inches in diameter, respectively for the 
high and low pressure steam cylinders. 

When running at 62 revolutions per 
minute with 7-16 cut-off and 120 pounds 
steam pressure, operating non-condensing 
the I. H. P. is 1,350, with 140 pounds 
steam pressure and other conditions the 
same, the I. H. P. is about 1,500. The air 
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cylinders are compounded, the low pres- 
sure being 5014 inches in diameter and the 
high pressure 30144, also with a 60-inch 
stroke. 

A special intercooler is placed between 
the low and the high pressure air cylin- 
ders through which all the air passes on 
its way from the low to the high pressure 
cylinder. ‘This device removes the heat 
of compression resulting from the low 
pressure cylinder and allows the air to en- 
ter the high pressure cylinder at a tem- 





4—16"x7”x18"” Cameron Station Pumps. 

2—14”"x26"x34x24" Knowles duplex 
pumps 

also 

3—16"x30” direct acting hoists 

about 

40--5"x5'4” timber hoists and a large 
number of incidental uses, such as blowing 
smoke out of drifts after blasting. 

It must be remembered that this is only 
one of several plants operated by the Ana- 
conda Company. Following is a list of 
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perature as low, if not lower, than the out- 
side air. 

The three compressors together have a 
capacity of 15,338 cu. ft. of free air piston 
displacement, although as at present run 
the output is 14,000 cubic feet per minute. 

This air is used at the Never Sweat, 
Anaconda and St. Lawrence mines, where 
300 Ingersoll 3 3-16 inch drills are at 
work. It also opens chute doors for 
which purpose 50-10"x30” air hoists are 
employed. In addition the folowing 
pumps are driven by this means. 

4—10" x7"’x5"" x10" Knowles Sinking 
Pumps. 





the compressors operated by this concern, 
all of which are Ingersoll-Sergeant Piston 
Inlet machines. 

LIST OF INGERSOLL-SERGEANT PISTON 
INLET COMPRESSORS PURCHASED BY 
THE ANACONDA COPPER MINING 
COMPANY. 

CORLISS COMPRESSORS. 

22 & 40 & 224% & 22% x 60”. 
24 & 44 & 24% & 24% x 48". 
24 & 44 & 24% & 24% x 48”. 
30 & 56 & 30% & 30% x 60”. 
24 & 44 & 24% & 244% x 48". 
24& 44 & 244% & 24% x 48”. 
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24 & 44 & 24% & 24% x 48". 
30 & 56 & 30% & 30% x 60". 
30 & 56 & 30% & 30% x 60”. 


30 & 56 & 30% & 30% x 60”. 
30 & 56& 3044 & 50% x 60”. 


24 & 44 & 22% & 361% x 48”. 


CLASS “A” COMPRESSOR. 
14 & 144% x 18” 
24 & 241% x 30”. 
14 & 144% x 18”. 
12 & 12% x 14”. 
24 & 24% x 30”. 
10 & 10% x 12”. 
24 & 24% x 30”. 
12 & 1244 x 14”. 
12 & 12% x 14”. 
18 & 18% x 24”. 
18 & 1814 x 24”. 
24 & 241% x 30”. 
12 & 12% x 14”. 
24 & 24%4 x 30”. 
12 & 12% x 24”. 
18 & 1814 x 24”. 
14 & 14% x 18”. 
CLASS “E” COMPRESSOR, 


6& 234x 6”. 

These have a total capacity of over 70,- 
000 cubic feet of free air per minute, or 
with all running at rated output of 42,- 
000,000 cubic feet in the course of 10 
hours. 





Inlet Valves and Their Relation to the 
Efficiency and Volumetric Capa- 
city of Air Compressors.* 


It is probable that no single part or 
group of parts of the modern air com- 
pressor has received so much considera- 
tion and been the subject of such careful 
experiment as the inlet valves and their 
operating mechanism. However, notwith- 
standing these facts, it is certain that there 
is no other portion of the machine in re- 
gard to which such differences of opinion 
exist at the present time. An examination 
of the various trade catalogues brings out 
the remarkable fact that in each single 
catalogue from one to six different forms 
of inlet valve and valve gear are shown 
in connection with machines that are sup- 


*By Fred Brainard Corey, M. Am. Soc. M. 
E., Assoc. M. Am. Inst. Elec. E. Mechanical En.- 
gineer, General Electric Co., Schenectady, N. Y. 

_ Reprinted from Engineering News for May 
30, 1900. 
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posed to represent the manufacturers’ lat- 
est types. If any one type of valve were 
satisfactory in its operation and at the 
same time sufficiently simple in its con- 
struction, there would be no excuse, from 
an engineering standpoint, for this great 
multiplicity of types, even when the ma- 
chines were designed for widely different 
operating conditions. It is a fact, how- 
ever, that many of the valve mechanisms 
in use at present were designed not from 
considerations of economy or utility, but 
merely to conform to the ideas and preju- 
dices of the purchaser or his advisers. It 
is the object of this paper to call attention 
to some of the peculiarities of inlet valves 
of the most usual types under various 
working conditions, in such manner as to 
aid the designer, as well as the prospec- 
tive user, of air compressors in making an 
intelligent choice when called upon to de- 
cide what type of valve shall be used in 
any given case. 

These various inlet valves may be di- 
vided into two general classes; first, those 
that are automatically opened by atmos- 
pheric pressure and closed by means of 
springs, weights or air pressure; and, 
second, those which are opened and closed 
by direct and positive mechanical connec- 
tion with the crank shaft or some other 
moving part of the machine. Each of these 
classes has many representatives and the 
two combined include, I believe, all inlet 
valves now used on air compressors and 
blowing engines, with the exception of two 
special valves, one of which is located in 
the piston and operates from its own in- 
ertia, while the other is located in the 
cylinder head and is moved by frictional 
contact with the piston rod. Valves of 
the first class are entirely automatic in 
their action, their opening and closing 
points depending entirely upon the condi- 
tions of pressure within the cylinder. 
However, they have certain disadvantages 
which will be considered later. Valves 
of the second class, with one or two ex- 
ceptions, which do not affect the questions 
considered in this paper, have their points 
of opening and closing fixed without re- 
gard to changes in operating conditions, 
and the present tendency among designers 
and manufacturers seems to be toward 
valves of this class. Many engineers are 
specifying mechanically operated valves 
for their compressors, with the idea that 
by so doing they will surely get the best 
possible machine for any purpose. 
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It may be well to note here that in trade 
catalogues the capacities given in the ta- 
bles of sizes are the theoretical, rather 
than the actual, capacities of the com- 
pressors listed. Some builders claim to 
realize the full theoretical capacities of 
their machines and in support of their 
claims show indicator cards, taken from 
their machines, under actual working con- 
ditions, in which no volumetric loss can 
be detected. Such cards often show a com- 
pression line that conforms very closely to 
the isothermal when that theoretical line is 
plotted upon the card. Such highly satis- 
factory cards can only be obtained from 
compressors with mechanically operated 
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valves and the increasing popularity of 


machines of this class is in some measure 
due to this cause. Nothing can be superior 
to these compressors when properly ad- 
justed to their operating conditions, and 
several of the leading builders of this class 
of machinery have numerous plants in 
operation in which the inevitable losses 
are reduced to the practical minimum. On 
the other hand, there are hundreds of 
plants now operating in which faulty ad- 
justment of valves, sometimes combined 
with improper design, render them ex- 
tremely low in both efficiency and capacity. 
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A careful study of these machines may be 
exceedingly profitable. 

The engineer is accustomed to look upon 
the steam card as a true index of all that 
transpires within the cylinder; but if he 
imposes the same confidence in the card 
that is taken from the air end of the ma- 
chine, he is liable to be led far astray. I 
believe that the inordinate claims made for 


many machines of this class are not be- 
cause of any lack of moral integrity on 
the part of their builders, but because of 
failure to thoroughly analyze their valve 
motion in connection with the cards and to 
properly measure the volume of the intake 
air. 
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DracRaM ILLUsTRATING EFFEect OF CLEARANCE IN REDUCING VOLUMETRIC 
Arr COMPRESSORS. 


It is common to find inlet valves so set 
that they open almost exactly on center, 
with the result that the card indicates ab- 
solutely no clearance at either end of the 
cylinder, the clearance air being exhausted 
through the intake. If we suppose the in- 
let valve to close slightly before the piston 
reaches the end of its stroke, the amount 
of air taken into the cylinder is corre- 
spondingly reduced and it is evident that 
the compression curve will be displaced in 
a horizontal direction. The slight drop in 
the lower part of the curve will not be 
easily detected and the curve will have the 








1409 


appearance of very closely conforming to 
the isothermal line. Thus it is seen that 
an almost ideal card may be obtained from 
a compressor in which the valve adjust- 
ment is such as to seriously affect both the 
efficiency and volumetric capacity of the 
machine. However, supposing the valve 
motion to be perfect and all clearance to 
be eliminated, the theoretical capacity of 
the machine will still be unattainable be- 
cause of the heat imparted to the air from 
the cylinder walls during that part of the 
stroke when the inlet vaive is open. ‘This 
loss of capacity from heating, during the 
intake stroke, is a matter that depends 
upon the design of the entire air cylinder 
rather than upon the particular type of 
valve selected. The effect of heating the 
air during this portion of the compressor 
cycle has evidently been neglected by the 


designers of several machines which are 
otherwise entirely satisfactory. In this 


connection it is important to remember 
that if a water jacketed cylinder is filled 
with highly heated and therefore rarefied 


air, the compression line will approach 
nearer to the theoretical curve for iso- 
thermal compression on account of the 


greater transfer of heat through the cyl- 
inder walls. The result is an apparent in- 
crease of efficiency as shown by the air 
card, while in reality there is an enormous 
waste of power and loss of capacity. 

In order that we may further study the 
action of the inlet valve, we will consider 
the effect of the clearance spaces upon the 
performance of the compressor. In ma- 
chines now on the market, made by build- 
ers of high standing, the clearance varies 
all the way from one-fifth of 1 to at 
least 24 of the piston displacement. The 
first figure applies only to very large longe 
stroke compressors and the latter to the 
small short stroke machines which are now 
used in such great numbers. Even the 
latter figure is very greatly exceeded in 
many of the low pressure machines used 
in chemical and metallurgical processes. 
The long stroke machine necessarily 
very expensive. It must be of the dunlex 
or cross-compound type, for the relative 
conditions of pressure in the steam and 
air cylinders are such as to render the 
long stroke single machine a commercial 
impossibility. Considerations of economy 
of first cost point naturally to the high 
speed single compressor, and in such a 
machine the percentage of clearance be- 
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comes an important factor in determining 
its proper operation. 

It is evident that the loss of capacity 
due to clearance varies with the pressure 












RECEIVER PRESSURE 45 LBS. 
40 LB. SPRING. 





FIG. 2, ACTUAL CARD, VALVE OPENS ON CENTER. 


RECEIVER PRESSURE, 46 LBS. 
40 LB. SPRING. 





Fig. 3. SAME AS FIG.2, WITH VALVES PROPERLY SET, 


RECEIVER PRESSURE, 150 LBS. 
80 1B. SPRING. 





FIG. 4, SAME AS FIG.S, WITH PRESSURE INCREASED. 


RECEIVER PRESSURE 25 LBS. 
40 LB. SPRING. 





FIG.5, SAME AS FIG.3,WITH PRESSURE REQUCED. 
Fics. 2 To 5. INDICATOR DIAGRAMS FROM 
AtR COMPRESSORS. 


against which the machine is operating. 
Thus, if the cylinder has clearance spaces 
equal to 1% of the volume of the cylinder 
and is working against a pressure of six 
atmospheres (seven atmospheres absolute) 
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the loss of capacity due to that clearance sure, the only loss due to this clearance is 
is 64, and if the pressure is increased to one of capacity, which may be overcome 
ten atmospheres the loss is increased to by an increase in size or speed of piston. 
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DIAGRAM SHOWING REDUCTION IN AiR ComprRESSOR CAPACITY BY INLET 
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10% of the piston displacement. In case Figure 1 shows graphically the variation 
the inlet valves are so constructed that in the loss of capacity for different values 
they cannot open until the clearance air of clearance and pressure. If, however, the 
has been expanded to atmospheric pres- inlet valve opens when the piston is in its 
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extreme position, the clearance air is ex- 
hausted through the intake, making a di- 
rect loss of power as well as of capacity. 
Fig. 2 is reproduced from a card taken 
from a machine in which the inlet valves 
were set to open when the piston was ex- 
actly at the end of its stroke. There are 
very many compressors now in operation 
whose inlet valves are set in this manner. 
In most cases the exhaust through the in- 


take is sufficient to cause considerable 
noise. 
Fig. 3 shows a card from the same ma- 


chine, the valves having been properly ad- 
justed for the pressure carried in this par- 
ticular case. It should be noted that this 
adjustment affects only the point of open- 
ing and, therefore, the volume of air de- 
livered is not changed, although the power 
required to drive the machine is percept- 
ibly reduced and the machine runs more 
smoothly with less shock to its parts. If, 
after this adjustment, the pressure is in- 
creased, the former troubles again appear, 
the resulting card being shown in Fig. 4, 
in which case the receiver pressure has 
been increased to 150 lbs. per sq. in. If the 
pressure were to be continuously main- 
tained at this point, a further adjustment 
in the same direction should be made. If, 
however, the pressure is reduced, the only 
effect is the slightly increased amount of 
power, represented on the card by the 
short bend below the atmospheric line, due 
to abnormal expansion of the clearance 
air, as shown i in Fig. 5, where the receiv er 
pressure is reduced to 25 lbs. per sq. 
The angles of these cards have been some- 
what accentuated in order to show more 
clearly the effect of the changed condi- 
tions. In this discussion we have referred 
only to single-stage compression. It is 
evident that all losses due to clearance are 
greatly reduced in multiple-stage machines, 
as we then have to deal only with the pres- 
sure at which the air is discharged from 
the low-pressure or intake cylinder. 

Every machine with mechanically oper- 
ated valves should be carefully examined 
to determine whether or not the inlet 

valves close before the niston reaches the 
end of its stroke; and if such is the case 
the proper adjustment should be made to 
raise the output of the compressor to its 
maximum value. This adjustment should, 
if possible, be made independent of the in- 
dicator card. 

In compressors using automatic valves, 
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by far the greater part are furnished with 
those of the poppet type. In machines of 
this class the troubles shown in Figs. 2, 4 
and 5 cannot possibly occur, as the valve 
action is entirely dependent upon the con- 
ditions of pressure within and with- 
out the cylinder. It is, therefore, evident 
that in these machines the clearance al- 
ways results merely in a loss of capacity 
without the direct loss of power that may 
occur with mechanically operated valves. 
In these machines, however, there is a loss 
of capacity, as well as a slight loss of 
power, the latter usually negligible, due to 
the resistance of the valve springs. The 
spring pressure required for proper work- 
ing varies from 3 oz. to 8 or 10 oz. per sq. 
in. of valve area, these differences of pres- 
sure being due to differences in design and 
construction of the valves themselves as 
well as to their condition resulting from 
care or neglect. Valves of this type should 
be as light as possible to reduce the effect 
of inertia and should be so designed as to 
be easily lubricated without danger of 
gumming. With careful attention to these 
details, a pressure of 3 oz. per sq. in. of 
valve area is ample, er a loss of but 
1.2% in capacity at sea level, this loss be- 
ing equal to the valve spring pressure in 
oz. per sq. in. of valve area divided by 7.85 
times the barometer reading in inches of 
mercury. Fig. 6 shows by inspection the 
loss of capacity due to pressure on the inlet 
valves at sea level and at various alti- 
tudes. 

Serious difficulty is sometimes expe- 
rienced from slowness of action of the 
discharge valves. In case they become 
gummed or for any other reason they fail 
to act properly, the result is a decrease in 
the volume of air discharged. In ma- 
chines with automatic inlet valves the prin- 
cipal direct loss from this cause is one of 
capacity, while in those whose opening 
point is fixed, the air flowing back into the 
cylinder will be discharged through the 
intake. While the latter means a serious 
loss of power, it furnishes a means for de- 
tecting improper action of the discharge 
valves which might otherwise go un- 
noticed. 

A very important matter to be consid- 
ered is the inlet valve area or port opening 
required for the proper action of the ma- 
chine. Such wide differences exist in 
practice in the ratio between port opening 
and area of piston that the designer is 
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almost led to believe that this is a matter 
of no special importance. We find many 
machines with a valve opening equal to 
only 34 of the piston area, while others 
are provided with an opening, the section 
of which is equal to nearly 14% of the 
cross-section of the cylinder. The internal 
surface of the cylinder, both barrel and 
heads, is mostly available for port open- 
ings or water jacketed cooling surface, and 
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DENSITY OF AIR IN CYLINDER, PER CENT (corrricrewr OF INFLUX 50) 
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structive as showing the reduction in 
density of the air within the cylinder for 
various percentages of valve area, based 
upon the assumption of constant piston 
speed with a coefficient of influx equal to 
0.50. 

In view of the above considerations, it 
would seein to be impossible to produce a 
single type of compressor valve gear that 
shall best meet all the conditions of both 


DIAGRAMS SHOWING EFFECT OF RepUcED Port OPENING ON DENSITy oF AIR 


IN THE CYLINDER. 


it is, therefore, evident that a loss in one 
direction may possibly he met by a gain 
in the other. The most economical di- 
vision of this surface depends upon sey- 
eral variable functions and is a detail that 
should be very carefully considered in the 
design of a new machine. Fig. 7 is in- 


engineering and commercial feasibility, the 
case being in many respects analogous to 
that of steam valve gear. <A choice of 
valves should not be made in any import- 
ant instance without thorough investiga- 
tion of all the variable factors involved. 
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The Dorcas Pneumatic Cyanide Mill, 


The Dorcas is a custom mill, especially 
constructed to treat ore from the Cripple 
Creek district of Colorado. Its capacity 
is 120 tons per day. The ore, as it comes 
from the various mines and samplers, is 
first passed through a rock breaker and a 
set of coarse rolls, whence it is elevated 
to the sampling room and there sampled. 
The average value of the ore treated is $20 
per ton. From the sample room the ore is 
conveyed to a revolving dryer, and is next 
passed through two sets of finishing rolls 
and corresponding screens to be reduced 
to a 24-mesh fineness. The finished ore is 
then roasted in a Holthoff-Wethey fur- 
nace and conveyed therefrom to the leach- 
ing tanks. 

The leaching tanks are six in 
30’ in diameter and 4! high, 
fitted with the pipe arrangement used in 
the pneumatic cyanide process. In the 
beginning only one-half of these tanks 
were fitted for the use of the pneumatic 
process in order to make a thorough com- 
parative test between this and the old 
method of leaching. These comparative 
tests showed that the old method required 
from ten to fifteen days for the treatment 
while by the pneumatic system this was 
reduced more than one-half and a higher 
extraction was also obtained, so the re- 
maining tanks were equipped for its use. 

The air is supplied by a light-service 
compressor at a pressure never exceeding 
five pounds, about 1 cubic foot of free air 
per minute to each ton of ore being the 
amount needed to agitate and oxygenate 
the solution. 

Five days’ treatment is 
enough to get the values down to about $1 
per ton, when the tank sluiced out and 
the pulp concentrated on Wilfley tables. 
The tailings after concentration average 
about 40 cents per ton. 

I shall not give here any description of 
the working of our crushing and roasting 
department, as there are no new features 
in it and it is practically the same as that 
of all other mills treating Cripple Creek 
ores, but I will specialize somewhat about 
the working of our cyanide department in 
connection with compressed air. 

Our tanks are filled by means of a con- 
veyor. As soon as the filter bottom of the 
tank is covered with pulp a solution stand- 
ardized to ten pounds of KCy to the ton 
is turned on it and gauged so as to follow 


number, 
and are 


generally 
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the pulp as this fills the tank. In this way 
no time is lost and all available time given 
to the solution to act upon the values in 
the ore. Once the tank is filled and coy 
ered with solution, the compressed air is 
gradually turned through the perforated 
air pipes that lie on the top of the filter 
bottom. Whenever the air comes up un 
evenly through the pulp, as it sometimes 
does, following the places of least re- 
sistance, this undesirable feature is 
avoided by placing two men with 3¢” iron 
rods on the tank, who push these rods 
through the pulp to the filter bottom, thus 
opening new ways for the air to 
through the pulp and thereby spreading 
the action of the same evenly all through 
the mass. This point reached, the air is 
kept on till the assay of the pulp shows at 


come 


least a 90 extraction. About thirty 
hours is the time generally necessary to 
get such result. The air is then turned 


off and the pulp allowed to settle for about 
one hour. This time expired, percolation 
is started and the strong solution drawn 
off as quickly as possible, following it on 
top with a weak solution of five pounds 
of KCy to the ton. Percolation is kept 
going until the percolating solution shows 
only traces of gold. Then wash water is 
applied to displace the remaining KCy so- 
lution and leave the tank ready to be 
sluiced out and the pulp concentrated 

Quickness and high extractions are the 
special features of this way of treatment 
The consumption of KCy, as compared 
with dead leaching, is not increased by the 
use of compressed air, as the stronger 
consumption at the beginning of the oper- 
ation is compensated by the shorter Ts 
of contact of solution with the pulp, this 
sensibly diminishing the consumption of 
KCy in the second part of the treatment 
Our average consumption for the months 
of March and April was somewhat less 
than one pound to the ton. 

The one unique feature of our plant ts 
the treatment of unroasted dust, collected 
in our baghouse and flues, a product of 
our dry crushing machinery. This pro- 
duct had been formerly sent tothe smelters 
to be treated at high charges. 

After much experimenting, the writer 
came to the conclusion that the mill dust 


could be treated by cyanide, and a very 
good extraction obtained, be it roasted or 
not. Comparative tests were made: 


Heads, roasted, $52; wunroasted, $51.20. 
After treatment the tailings of both tests 
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assayed the same, to wit, 80 cents per ton. 
In fact, experiment showed that, if Cripple 
Creek ores could be crushed fine enough, 


cyanide would extract the values from 
them without requiring a_ preliminary 
roast, thus upsetting the theory that raw 





sulphide and telluride ores would not 
yield their gold to the cyanide treatment. 
The actual work proved the truth of this 
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assertion. Now, to each tank three tons 
of mill dust are added and spread evenly 
on ton of the charge, and then covered 
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with solution. The compressed air sup- 
plies the necessary agitation, and the 


roasted pulp the filtering medium. In 
this crude way an average extraction of 
over 92 per cent. of the values is obtained 
at a cost of less than $2 additional per 
ton, while the smelter charges for treat- 
ing this material was from $12 to $15 per 
ton.—Prof. E. F. Gropello in Mining and 
Scientific Press. 





Devices for Ringing Chime Bells. 


Mechanism Involving the Transmission 
of Motion by Compressed Air. 

The devices described in the following 
article were worked out in response to a 
call appearing in the columns of an en- 
gineering magazine for suggestions as to 
the best method of ringing the newly in- 
stalled chimes in a large cathedral located 
in one of our principal Eastern cities. 
These bells, 26 in number, were hung in 
an open tower 150 feet above the room 
where the operating device was to be 
placed 

The first arrangement which was oper- 
ated by electricity, had proved a failure. 
and the committee in charge took this 
method of gathering new ideas from any 
one who might take sufficient interest in 
the matter to forward sketches or sug- 
gestions. 

While none of the devices here shown 
were adopted in detail, the principle illus- 
trated in Figs. 3 and 4 was selected by the 


committee and successfully carried to 
completion. The following sketches are 
interesting rather from a mechanical 


standpoint than from any practical value, 
although the principles involved may 
prove useful in their application to other 
purposes where it is desired to obtain 
similar mechanical movements by a 
mechanism located at a distance. 

The requirements were: First, a strik- 
ing mechanism at the bells which would 
be the least affected by exposure to the 
weather; and second, a light and easy 
action at the keyboard, with a quick re- 
sponse on the part of the strikers, which 
must return to their original positions in- 
stantly, so that notes might be struck in 
rapid succession upon the same bell. The 
first device, shown in Figs. 1, 2 and 3, was 
designed before the distance from the key- 
board to the bells was known, and was 
not adapted to the actual conditions as 
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learned later. A careful study of the prob- 
lem suggested compressed air as the most 
suitable medium for transmitting the 
power from the keyboard to the strikers, 
and the various schemes given were 
worked out along this line. All of the 
arrangements shown consist essentially of 


three parts. First, the air-compressing 
plant, made up of an electric motor, a 


belted compressor and a receiver or tank, 
with an automatic device for maintaining 
a constant pressure within the same. Sec- 
ond, the keyboard with suitable valves for 
admitting air to the striking device at the 
bells; and third, the striker or hammer to 
be placed directly under each bell in the 
tower. This latter is shown in Fig. 1, 
and consists of a hammer B, of gun iron, 
attached to a hickory arm C, and hinged at 
PD to a cast-iron base E. F is a bronze 
fork in which C rests while supported 
upon a rubber cushion placed in the bot- 
tom of the fork. H is a bronze cylinder 
and J a smoothly running piston. J is an 
air pipe connecting the keyboard valve 
with the lower part of the cylinder, K a 
thick rubber washer to prevent any shock 
should the piston at any time be carried 
against the upper cylinder head by its 
momentum. The cylinder is bolted to the 
slide L by bolts M, M, passing through 
slots, so that the distance between the 
striker B and the bell can be adjusted. N 
N, N, are exhaust ports drilled through the 
sides of the cylinder, and O a spring to 
keep the fork G pressed against the arm 
C when in the position shown. When air 
is admitted through J to the cylinder the 
piston is forced upward, carrying with it 
the striker B. Just before B reaches the 
bell the piston passes the exhaust ports 
N, N, N, and the pressure behind it is 
released, but the momentum of B carries 
it upward against the bell with a force 
which may be adjusted by varying the 
distance between the striker and the bell 
when exhaust takes place. B at once 
falls back to its original position (air 
pressure in the meantime having been 
cut - at the keyboard by releasing the 
key), leaving the bell free to vibrate. The 
arm C is caught on the rubber-capped sup- 
port P, and the piston is kept from being 
driven back against the lower cylinder 
head by the spring O. 

A mechanism of this kind is placed be- 
neath each bell and connected with a sep- 
arate key on the board below. The size 


of each striker and cylinder is propor- 








COMPRESSED AIR. 


1416 






CAST IRON 


E 





Machinery, N.Y. 











‘GUVOGASM AO NOILOAS ‘2 ‘OIA 


‘ACN ‘Asauryooy 


















































ARC” i . GOOmM 
; wioaussau__{-> ) 
fae) WOUS 3did YIV 
— 
< 
(ea) 
122) 
Ww) vas T P eens i j§ wae 
te eB GoOomM 
{x} 1 “G7 a geste. 
~ n ! 4 
° 
a q 
P= m 
O 
a yasan 
8 y 
gle & 
y3QNITAD_,] Zi5 
O1 ‘ss3ud wiv LA |e 
2D 
Cc 
S S“Snow eo o.oo AP 
a 7. o 
m COM uazeanu (ws) 
tl 








~ 
_ 
+ 
_ 








COMPRESSED AIR. 


tioned to the size of the bell with which it 
is connected. 

Fig. 2 shows a section through the key- 
board. Q is a wooden handle or key moy- 
ing vertically in the metal guide FR, and 
hinged at S. U is the valve for admitting 
air from the pressure main to the striker 
cylinder in the tower. The valve is shown 
in section in Fig. 3. Air pressure from the 
reservoir pipe keeps the valve V closed, as 
shown. When the key is pressed down 
the lever T (Fig. 2) forces in the hollow 
stem Y (Fig. 3) until it strikes the seat 
W, thus cutting off communication be- 





TO CYLINDER 
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which may be placed at any point desired, 
regardless of the distance. The valve in 
this case is similar in principle to the one 
already described. When electric contact 
is made at the keyboard, the armature of 
the magnet is drawn down; and this, by 
means of a connecting lever, pushes in the 
valve stem and simultaneously closes the 
exhaust port at A and opens the valve at 
B, thus admitting pressure from the sup- 
ply main to the striker cylinder. In this 
arrangement the action of the keys may 
be as light as those of a piano.—Chas. L. 
Hubbard, in Machinery. 


i 








FIG. 3. 


tween the chamber X and the atmosphere. 
A further depression of the key forces 
the stem Y in still more and opens the 
valve V, thus allowing air pressure to 
pass from the reservoir main through the 
valve to the striker. When the key is re- 
leased the pressure first closes the valve 
V, and the spring Z draws the hollow 
stem Y away from the seat IV and allows 
any pressure there may be in the chamber 
X and the connecting pipe to escape to the 
atmosphere. The defect in this arrange- 
ment lay in the time required to fill and 
exhaust the long run of pipe between the 
keyboard valve and the striker cylinder. 
This was overcome, however, by the ar- 
rangement shown in Fig. 4, in which the 
keyboard valves are placed in a closed 
case and mounted in the belfry tower, as 
near the bells as possible. The pressure 
is carried from the reservoir to the valves 
through a main of ample size, and each 
valve is actuated by an _ electromagnet, 
which in turn is operated from a keyboard, 


SECTION 





OF AIR VALVE. 


Notes on the Selection of an Air Compressor. 


In the use of compressed air to-day 
where large quantities are necessary, the 
matter of economy is of prime importance. 
There are a variety of ways by which air 
can be compressed, the actual value of 
each system depending, however, on sur- 
rounding conditions. Compressed air pro- 
duced by compressors operated by water 
power is, all things being equal, far less 
expensive than the same amount of air 
produced by steam-driven compressors, but 
the places where compressors can be oper- 
ated by hydraulic power for railway pur- 
poses are few, and consequently steam, 
electric or belt-driven compressors must be 
considered. It has been generally admitted 
that the direct-acting air brake pump, while 
wonderfully satisfactory for the purpose 
for which it is designed, is most unecon- 
omical and inefficient for shop power pur- 
poses if more than a few cubic feet of air 
is needed. We may say that no case exists 
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where it would not be better to employ a 
machine built especially for air compress- 
ing, and this fact can be demonstrated 
beyond question by figures obtained from 
plants using brake pumps. From the rail- 
way standpoint, coal is usually cheap and 
the question of actual steam economy 
needs less consideration in this case than 
it does where a compressor is operating a 
mine at some inaccessible place remote 
from a coal supply. Quite as important is 
the matter of reliability, for there must be 
no unexpected shut-downs, especially in 
signal or switching plant. 

Any compressor consists of two ele- 
ments: the prime mover or motive power 
and the compression portion. These two 
are mutually related in such a manner that 
economy of one means economy of the 
other, with a resultant total economy. Both 
of these elements must, therefore, receive 
attention on the part of the manager con- 
templating the adoption of compressed air 
for shop, signal or other uses. In consid- 
ering such an installation the proper course 
to follow is to begin at the beginning, that 
is, to carefully determine the character of 
work to be done, the number, type and lo- 
cation of the apparatus to be used for 
present purposes and possible future ex- 
tensions, and the amount of air each will 
require, making due allowance for the un- 
expected. This gives the total air con- 
sumption. The piping system can then be 
calculated and the type of compressor best 
suited to the conditions determined. As 
there are many uses for compressed air 
involving special features, several types of 
compressors have been developed. It is 
dificult to specify just which type to se- 
lect without a detailed knowledge of the 
individual case. We may, however, name 
the general types and outline the uses for 
which each is best suited. But it should 
be remembered that the dividing line is 
elastic and that the classes overlap some- 
what. The best rule in this as in 
other cases is to consult a reputable manu- 
facturer making a specialty of building 
compressors who can show working ex- 
amples of the type he recommends. Con- 
sidering steam compressors alone, the fol- 
lowing is a list of standard types: 

1. Simple “Straight Line,” a most effi- 
cient and compact form with steam and 
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air cylinders in the same line on a solid 
base but naturally a larger steam consumer 
than the duplex or compound forms. The 
steam consumption in this type cannot 
possibly be less than the better class of 
simple non-condensing steam engines, 
and, generally speaking, will not be less 
than 35 pounds per horse power per hour. 
Claims for a lower consumption than this 
should be regarded with suspicion. This 
is a durable and reliable form, but for 
permanent installations should yield to the 
duplex or compound type. 

2. “Duplex” steam and air, with two 
simple air and steam cylinders, or one or 
the other compound, or both compound. 
This type has two cranks set at 90 degrees 
and thus equalizes the load and operates 
more evenly. In the smaller sizes it is 
often self-contained on a single base cast- 
ing. With low steam pressure, say from 
75 to 100 pounds, duplex steam cylinders 
are preferable; above this pressure com- 
pound steam cylinders should be consid- 
ered. For air pressure above 80 pounds 
compound air cylinders are preferable, but 
not essential; but above 125 pounds com- 
pounding may be stated as a necessity. 
Frequently in larger sizes one-half of this 
duplex type is installed, and later when the 
demand for air has increased to a point 
warranting it, the second half is placed, 
thus completing the compressor and ob- 
taining the full benefit of the duplex form. 
Steam consumption in this type varies 
with surrounding conditions, but a safe 
average for preliminary consideration is as 
follows: 

Regular duplex steam cylinders, non- 
condensing, about 35 pounds of steam per 
h. p. per hour. 

Regular duplex steam cylinders conden- 
sing about 25 pounds per h. p. per hour. 

Compound steam, non-condensing, about 
29 pounds of steam per h. p. per hour. 

Compound steam cylinders, condensing, 
about 20 pounds per h. p. per hour. 

These are working and not test figures, 
and while in special cases they are fre- 
quently lowered, those given are safe for 
working values. 

Common practice includes three types of 
steam valves: the ordinary simple slide 
form, the Meyer’s adjustable cut-off valve 
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used on the larger sizes of “Straight Line” 
and on practically all forms except the 
Corliss and the Corliss adjustable quick 
cut-off valve representing the most per- 
fect form of steam engine practice of to- 
day—the last named form advisable in 
every case when high economy and a large 
output is essential. Whichever of these is 
used must depend entirely upon the con- 
ditions of each case, broadly; however, 
the most economical equipment is in the 
long run the cheapest. Regarding the de- 
tails of the compression or “air end,” only 
the best should be tolerated, as air under 
pressure has a way of vanishing unless 
piston, valves and working parts are per- 
fect. Clearance, or the dead space be- 
tween the piston and the cylinder bhcads 
at the end of the stroke, should be the 
least possible. Cylinders should be in- 
spected for pores and spongy spots. 
Wherever possible, all joints should be 
ground and no thick gaskets shou'd be 
tolerated. The framing and general con- 
struction should be solid and heavy enough 
to stand all strains with a very large fac- 
tor of safety. The finish and fit of all 
working parts should be inspected. ‘lhe 
air inlet valves should be large so as to 
cause no wire-drawing. ‘They must open 
instantly the piston changes direction, myst 
remain open throughout the entire sti>xe, 
and close instantly on the reversal of the 
piston movement. They should be noise- 
less. All valves should be of such de- 
sign and construction as to be absolutely 
tight and durable with no chance of work- 
ing loose and dropping into the cylinder. 
They should be simple—the fewer parts 
the less liability to accident; yet they 
should be positive and prompt to respond. 
All valves should be easily accessible for 
examination, cleaning, or renewal. The 
cylinder or cylinders must be carefully and 
fully jacketed around the barrel and es- 
pecially in the heads where the greatest 
heat is felt, as the final compression occurs 
at the very end of the stroke. 


Regulation is an important factor and 
both steam and air regulators should re- 
ceive full attention, for on this factor de- 
pends to a considerable extent the success 
and safety of the equipment. If, for in- 
stance, the full air load is suddenly thrown 


off and the engine regulator should fail 
to respond, the engine would race, and 
even if there was no accident, a very irreg- 
ular operation would result. Again, if the 
air regulator is not properly designed or 
constructed, the working pressure in the 
air mains will fluctuate, causing more or 
less uncertain working of the machinery 
being operated. Some types are so de- 
signed that the engine continues to run 
under full head of steam, the regulation be- 
ing effected by allowing the air to blow 
off at the safety valve. This is a most ex- 
travagant waste of power and compressors 
regulating this way should be avoided. 
Table 1 will be of interest since it affords 
a general idea of the cost of compressors 
of different types and sizes, and the cost 
of production per cubic foot of free air 
based on the steam consumption already 
stated, and piston displacement capacity in 
cubic feet of free air. The costs given in 
the table must be used with discretion, as 
they are only approximate, it being im- 
possible to make a general and absolute 
price for anything depending so largely on 
variation in the price of coal, the attention 
given to the equipment, and other indi- 
vidual conditions. The figures will, how- 
ever, afford an idea of what may be ex- 
pected considering average practice. 

Regarding the transmission of com- 
pressed air, it must be remembered that 
the governing factors in any system such 
as will be necessary in a shap or for sig- 
nal purposes are three: 


1. Volume of air desired. 
2. Final pressure. 
3. Distance to be covered. 


The losses to be encountered are from 
leakage and frictional resistance. Leakage 
depends upon pressure, distance and char- 
acter of pipe line, that is, the style of pipe 
and care used in installing. Frictional loss 
depends upon the velocity of the flowing 
air, size of pipe, character of interior, 
number of angles, bends, etc., and the dis- 
tance. Without going into detail we may 
say that many experiments and the ex- 
amination of a large number of practical 
working plants have shown conclusively 
that power may be transmitted by com- 
pressed air quite as economically as by any 
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other means, and many instances can be 
given where air is piped for miles with a 
trifling loss. Mining operations frequently 
employ mains from three to four miles 
long, and in pneumatic railway signal 
plants, ten miles is not an exceptional dis- 
tance. Where trouble has been expe- 
rienced it is usually traceable to too small 
and poorly designed pipe lines. A wise 
precaution is to put in a larger system 
than present needs require, because the 
history of every installation is an increase 
in the use of air at a rate which too fre- 
quently exceeds the capacity of compres- 
sor and mains within a short time. 





The Dean Tube Cleaner. 


The Power Specialty Company of Buf- 
falo, N. Y., are the sole selling agents in 
the Western part of the United States for 
the tube cleaner here illustrated. The de- 
vice is intended to remove the scale from 
either a return tubular or water tube 
boiler. The application of the cleaner to 
the former type of boiler and the design 
of its moving parts are shown in the en- 
graving. The cleaner comprises a sheil 
or hollow body, A, closed at one end by 
a cap, B, to which a hose pipe, C, is fitted. 
The opposite end is formed with a cham- 
bered head. A piston, E, reciprocates 
within the chamber F and has a trans- 
verse opening, through which it passes a 
vibrating arm, G, pivoted to the head at H 
and bearing a scale loosener, I, at its 
outer end. The opening in the piston 
flares toward its end in order to afford 
clearance for the vibrating arm when the 
cleaner is in operation. The arm has a 
sliding movement in its rocking bearing. 
The piston and rocking bearing are made 
of different metals of such nature as to 
obviate the employment of a lubricant. 
Ports K lead into the ends of the chamber 
F and open into the shell through the rear 
end of the head D. These ports are con- 
trolled by the slide valve L, which is 
operated by the rear end of the arm G. 
This arm has a limited play relative to the 
slide valve, whereby a rebound of the 
scale loosener will uncover the inner end 
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of a port by moving the piston without 
shifting the slide valve, thereby providing 
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for admission behind the piston before the 
valve is shifted. The parts are so pro- 
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portioned that the opposite port is closed 
by the piston an instant prior to the shift- 
ing of the valve. Thus it will be seen that 
the ports are alternately closed and opened 
at their opposite ends by the valve and 
piston. 

The cleaner, having been placed in the 
front end of the tube and steam or com- 
pressed air turned on, is turned one way 
and the other in order that the vibrator 
may strike every part of the tube. The 
strokes, at 50 pounds pressure, vary from 
800 to 1,000 a minute. The accumulation 
of soot and dirt in the tube is blown out 
by the exhaust. What is more important, 
all the scale upon the outside of the tube 
is dislodged by the strokes of the vibrator. 
From 3 to 5 minutes are required for 
each tube. 3y providing the vibrator 
with a head, which is made sharp to cut 
and shatter the scale, yet so guarded that 
when the scale is removed and the tube 
clean the sharp edge cannot reach the 
tube itself, the device works with equal 
success in water tube boilers—J/ron Agz. 





The Wallace Painting Machine. 





A machine for whitewashing or coating 
with any cold water paint is being intro- 
duced by the Wallace Supply Company, of 
56 Fifth avenue, Chicago. It is a pneu- 
matic apparatus which sprays the liquid 
through a nozzle so arranged as to avoid 
clogging and giving a wide and even dis- 
tribution of spray. There is practically 
no dirt, as the spray is worked under a 
pressure which insures contact with the 
surface to be coated. The device carries 
a special compression tank, which the 
operator can charge and then continue 
with the operation of coating for some 
time before the charge becomes exhausted. 
A few strokes of the pump serve to re- 
charge the tank. 

_The outfit consists of a special air and 
liquid pump connected to a steel com- 
pressor tank. This pump has an enameled 
porcelain shell, which is not affected by 
the action of the chemicals in the white- 
wash or paint. The plunger is so con- 


structed that the valves, which are made 
of a composition of rubber and gutta 
percha, have but slight contact with and 
are never immersed in the liquid. This 
plunger can be removed to the top of the 
pump without unbolting from the plat- 
form. The check valves are made from 
the same composition as the plunger 
valves.—Iron Age. 





A New Recording Air Pyrometer.* 


This instrument was designed to meet 
a demand for a pyrometer to measure 
temperatures of high ranges, and to give 
continuous records of changes of sucht 
temperatures on a moving chart; also to 
produce an instrument which would be 
self-compensating for barometric and ther- 
mometric changes of the atmosphere with- 
out introducing delicate mechanism which 
would tend to inaccuracy and to preclude 
its use for commercial purposes. 

The pyrometer consists of a porcelain 
bulb connected by a capillary tube to a re- 
cording pressure gauge. The stem of the 
porcelain bulb is made of sufficient length 
to pass through the furnace wall, while 
the capillary connecting tube is made of 
seamless copper. The recording pressure 
gauge employed is constructed on the 
Bourdon principle, and consists of a tube 
of closely flattened cross-section formed 
into a helix of two complete turns. 

Two of these pressure tubes or springs 
are employed in the recorder—one of 
these, the indicating tube or spring, being 
connected to the air bulb by the capillary 
tube, and adapted to be turned axially by 
the variations of pressure due to changes 
of the temperature to be measured; the 
other, a compensating spring, is mechani- 
cally attached to the free end of the indi- 
cating tube or spring. 

The compensating spring is adapted to 
be turned axially by: variations of atmos- 


*Abstract of a paper presented by Wm. J 
Bristol, Hoboken, N. J. at the meeting of the 
American Society of Mechanical Engineers, De- 
cem ber, Igoo, 








1425 COMPRESSED AIR. 


pheric pressure and temperature in a di- hence external or internal pressure will 
rection opposite to the motion of the first produce the some angular movement in 
or indicating spring under the same in-_ each. 

fluences. The air bulb, capillary connecting tube, 


These tubes are made of equal strength, and indicating spring are almost exhaust- 
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ed of air, so that when the air bulb is 
cold, it is subjected on the exterior to 
nearly atmospheric pressure; but when the 
bulb is exposed to high temperatures, the 
remaining inclosed air is expanded so as 
to practically balance the external pres- 
sure, and the bulb is relieved of strains 
which would, in its weakened condition, 
tend to injure it. 

The compensating spring is helically 
formed in the same direction as the indi- 
cating spring, but of a larger diameter, so 
that it may be placed outside of a con- 
centric with the indicating spring, and is 
mechanically attached, there being no 
opening or connection between the inter- 
iors of the two springs. At the free end 
of the compensating spring a bracket is 
soldered, making a rigid connection to a 
shaft through the center of the springs. 
At the front end of the shaft the recording 
arm is rigidly secured. 

The instrument has been calibrated by 
comparison with a standard from 32 de- 
grees up to 600 degrees Fahr., and by the 
melting points of aluminum and copper 
for the scale up to 2,000 degrees Fahr. 





Compressed Air Locomotive. 


Some of the Reasons Why They Are 
Often Preferred in Mines.—Prin- 
ciples Governing Their Con- 
struction, 





Locomotive haulage in mines has for 
many years proven very efficient where 
conditions were favorable. When the 
grades do not exceed for short distances 
54 and an average of 3 maximum 
against the loads, or for short distances 
8% and average of 5% maximum in favor 
of loads, it has been found in general that 
it is the most economical form of haulage. 

The chief advantages of locomotive 
over rope haulage are the flexibility of the 
system, it being able to serve any number 
of side tracks in various parts of the mine, 
and the closeness of the source of power 
to the point of application. In the event 
of an accident due to a car jumping the 
track, a broken wheel, etc., it often hap- 
pens that a large number of cars are piled 
up before the man in charge outside the 
mine is signaled to stop, whereas with lo- 
comotive haulage the engineer or trip 
rider affords immediate relief. 

Where the seam of mineral is high and 
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the location such that there is neither in- 
flammable gases nor danger of vitiating 
the air, steam locomotives are found very 
economical as has been specially proven 
in the Pocahontas coal field of West Vir- 
ginia. Even there, with their high seams, 
it has been determined that there is a limit 
to this form of haulage. It is not found 
feasible to fire while running in the mine, 
especially when bituminous coal is used, 
hence the length of the trip underground 
is limited to the steam furnished with one 
fire-box of fuel. It is customary to fill the 
fire-box, and, after the greater part of the 
darker colored gases have passed off, to 
take the empty trip into the mines return- 
ing with the loaded cars, all with the one 
fire-box of coal. Possibly the largest Io- 
comotive ever constructed for mine haul- 
age is the one shown in the accompanying 
figure. It was built for the Southwest 
Virginia Improvement Co., Pocahontas, 
W. Va., and weighs 60,000 Ibs. with every- 
thing in proportion. This locomotive is 
able to make a round trip of seven miles 
without firing, and on account of the di- 
mensions, is possibly the maximum for 
steam mine locomotives. 

To overcome the many difficulties and 
dangers incident to the use of steam loco- 
motives underground, a large variety of 
both compressed air and electric locomo- 
tives have been designed in recent years, 
and in general, they have been very suc- 
cessful and show a marked efficiency over 
the mule. 

In order that compressed-air locomo- 
tives may be able to make a fair length of 
run, the tanks for storage purposes must 
necessarily be rather cumbersome, and 
constructed to carry high-storage pres- 
sures. In order that they may be designed 
correctly and get a minimum of storage 
for the maximum work expected, it is 
necessary to have a complete profile of the 
proposed haulage and to make a tabulated 
statement of the air consumption on the 
various grades, noting the “cut-off” neces- 
sary to produce the requisite tractive ef- 
fort. By making a summation of these 
various amounts, and adding 20%, we will 
have the possible amount of air used in 
doing certain work as specified. 

It is necessary, therefore, to provide 
storage on the locomotive for this amount 
of air at a much greater pressure than that 
used in the cylinders. In order that the 
locomotive may receive a quick charge at 
the stations specially provided for the 
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purpose, it is necessary to have the sta- 
tionary storage of adequate pressure and 
capacity for the purpose. 

At the present time, it is the custom to 
compress for the stationary storage to 800 
lbs., and to have the volume of this stor- 
age at least double that of the locomotives 
comprising the system. This allows an 
equalized pressure in the locomotive stor- 
age of approximately 600 lbs. 

The following formula is useful in de- 
termining the capacity of stationary stor- 
age: V = volume of storage on locomo- 
tive; X = volume of stationary storage 
desired; p = cylinder pressure; P = sta- 
tionary storage pressure; and P’ = loco- 
motive storage pressure. 

Now, since it is considered good prac- 
tice to use the air from the locomotive 
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There are times however when it would 
be found more economical to arrange for 
tank storage either inside or outside the 
mine but in general, especially when the 
mine is advancing, it is the better practice 
to install pipe storage since it increases 
the range of the locomotive as the work- 
ings advance. 

Table No. 1 gives the various tractive 
efforts of different sizes of compressed-air 
locomotives, when working at 100 lb. cyl- 
inder pressure, and various cut-offs. If 
other pressures or strokes are used, the 
tractive efforts are directly proportionate. 
This table is calculated by means of the 
formula, 


a adxl> xp 
tractive effort D 
in which d = diameter of cylinder; D = 





A 60,000 LB. MINE LOCOMOTIVE. 


storage until it has been reduced to the 

cylinder pressure, we would have it apply- 

ing for a charge when it contained a pres- 
4 >? 


sure of p. Then Va y P', thatis, the 


product of the storage on the locomotive 
by its pressure added to the product of 
the stationary storage by itspressure and 
the sum divided by the combined volumes 
will give the equalized pressure or the 
final pressure in the locomotive storage. 
If the average time for each trip is 30 
minutes, the compressor must be able to 
compress in that time to pressure P the 
calculated amount of air required for one 
trip or series of trips for the various loco- 
motives included in the haulage. In gen- 
eral, it is customary to extend extra 
strong pipe into the mine and of such 
length and diameter as to have the re- 
quired volume for the stationary storage. 


diameter of driver; / = length of cylinder 
or stroke; p = working pressure of the 
cylinders; and * = variable due to the 
various cut-offs. 

On account of certain losses due to ra- 
diation, etc., for cut-off at full length of 
stroke in steam practice x is taken as .85. 
While cylinder surface acts as a detri- 
ment to the use of steam, it acts entirely 
opposite in the use of air, for the reason 
that, in the expansion of the air, very low 
temperatures are produced, and, with a 
maximum of cylinder surface exposed, 
we absorb a maximum of heat from the 
surrounding air, which virtually adds new 
energy to the air, thus acting as a re- 
heater. Therefore, in air practice, this 
factor * is made .95 for full-stroke cut- 
off, with the others proportionately high. 
If simple-expansion cylinders are used, 
the working pressure should not exceed 
130 lbs., while with compounds, one can 
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TABLE NO. 1. 


TRACTIVE EFFORTS OF COMPRESSED-AIR LOCOMOTIVES. 


CYLINDER, ss . 
Diameter Weight 





TRACTIVE EFFORT FOR EACH 100 lb. CYLINDER PRESSURE 


AT VARIOUS CUT-OFFS. 





s of on 
Diam, Stroke. Driver. | Driver. 
Inches. Inches, Inches. Pounds . 
5 10 24 6,C00 1,020 
6 10 2. 8,500 1,470 
a 12 26 13,0U0 2,200 
8 12 26 18,000 2,880 
9 14 26 25,000 4,340 
10 14 26 82,000 5,280 
11 16 28 42,000 6,770 
12 16 28 52,000 8,050 





easily use from 180 to 225 lbs. with great 
economy. 

Where it is imperative to have a mini- 
mum-sized locomotive storage with a 
maximum run, this can be accomplished 
with compound locomotives, since by us- 
ing the air at high pressures advantage is 
taken of the energy developed by the ex- 
pansion of the air from the higher to the 
lower working pressure. If we have two 
locomotives, one working at 200 lbs. and 
the other at 130 lbs., the former should 
have an efficiency over the latter, simply 
due to the working pressure, of an 
amount equal to the power necessary to 
compress the air used from 130 lbs. to 200 
Ibs. If both locomotives were simple cyl- 
inders and of same diameter, it is possi- 
ble that the higher pressure would prove 
the more inefficient for the reason that 
the exhaust pressure would be very high 
and the leakages very great. By the use 
of compound cylinders any leakage in the 
high pressure cylinders is caught in the 
low pressure without loss. 

Originally, it was the custom to lag the 
cylinders as in steam practice, but now it 
is found advantageous to leave them bare 
and to corrugate both sides and ends so as 
to present a maximum surface to the sur- 


7 ' 





| 
%" %” | OK” i oe Ae i 
‘ie 

990 920 835 710 530 | 325 
1,425 1,320 1,200 1,020 760 445 
2,150 1,960 1,810 1,540 1,140 700 
2.750 2,600 2,360 2,000 1,510 900 
4,140 3,840 3,490 2,960 2,220 1,350 
5,150 4.740 | 4,310 3,660 2,630 1,670 
6,450 5,980 5,440 4,620 3,470 2,440 
7.800 7,200 6,550 5,580 4,150 2,850 





rounding atmosphere while running, thus 
absorbing new energy. 

In order that the method of making 
calculations may be fully understood, we 
will figure out a haulage from the data 
given, most of the calculations being made 
with the slide rule, and though not ex- 
tremely accurate, they are in all cases 
taken above the actual values so as to be 
on the safe side. 

ExAMpLeE.—It is desired to haul trips of 
60 cars, empties weighing 2,000 lbs. and 
loads 6,000 lbs. each, over a track having 
the following profile, and with one charge 
of air. All grades are in favor of loads. 

The maximum grade being 3.5 per cent., 
and the car friction in this case being 1 
per cent., the total resistance when as- 
cending a 3.5 per cent. grade due to cars 
is, hence, 3.5 I = 4.5 per cent. Since 
it is desired to haul 60-car trips, and all 
grades are in favor of loads, it is only 
necessary to provide a locomotive capable 
of hauling 60 empties weighing 120,000 
Ibs. up the above-mentioned grade. 

The drawbar pull necessary to do this 
is 4.5 per cent. of 120,000 lbs. = 5,400 lbs. 
In general, it will require a locomotive 
having a weight on drivers of five times 
the tractive effort desired if steel tires are 


PROFILE OF ROoAp. 


Grade %. Distance. Grade %. 
1.3 £00 ft. 0.3 
2.0 600 ft. 1.77 
io 800 ft. 0.9 


Distance. Grade %. Distance. 
700 ft. 2.4 400 ft. 

1,025 fr. 3.5 425 ft. 
300 ft. 1.2 820 ft. 
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TABLE NO. 2. 


STANDARD STEAM AND ExtTrA STRONG Pipe USED ror ComprESSED-AIR HAULAGE PLANTS. 








1 | 








: ; STEAM. EXTRA STRONG. | 
Trade = cnmast - | ‘Trade 
. Cu. Ft. in. Necessary - . 
Diameter. ayy eed Mak eae p : Diameter. 
Bn: ~inea . ane ake Thicke Weight Thick- Weight a 
1 Cu. Ft. ness. per Ft. | ness. per Ft. 
2 .0218 4.41 15 8.61 | 22 5.02 2 
246 0341 29.32 20 5.74 .28 7.67 | 2 
3 -0491 20.36 21 7.54 | .B0 10.20 3 
3% 0668 15.00 .22 9.00 82 12.50 3Lg 
4 0873 11.52 23 10.70 34 15 00 4 
444 -1105 9.05 -24 12.30 | 35 17.60 44 
5 1364 7.33 25 14.50 37 20.50 5 
5 1650 6.06 26 16.40 | 40 24.50 5% 
6 .1963 5.10 228 18.80 48 28.60 6 


used, as is the practice in the construction 
of air locomotives, and 6 times the trac- 
tive effort if cast-iron chilled wheels are 
used, as is the practice in electric locomo- 


tives. We will, therefore, assume the 
necessary weight of the locomotive to 
give the proper adhesion as 32,000 Ibs., 


and we calculate that the tractive effort 
necessary to haul itself up the 3.5 per cent. 
grade would be 3.5 + .5 = 4 per cent. (.5 
per cent. covering the friction of the loco- 
motive on the level) of 34,000 lbs., or 1,360 
Ibs., to which we add the necessary draw- 





6,760, which is about the limit of our loco- 
motive on dry rail with sand. 


By consulting the table No. I we see 
that, at 100 lbs. working pressure, a I0 in. 
X 14 in. 26 in. driver locomotive has a 
maximum tractive effort at 7% in. cut-off, 
which is practically full stroke, of 5,280 
lbs., and by dividing this into our neces- 
sary tractive effort, we find that the neces- 
sary working pressure would be about 
130 lbs. 


On this basis, we then make up the fol- 


bar pull to haul the desired load, 1,360 + lowing table in order to ascertain the 
5,400, and have a total tractive effort of necessary air consumption: 
GoInc In WITH EmMPTIEs. 
Grade. Distance. 7... Strokes. Cut-Off. Cu, In. Air Used. 
1.3 800’ 3,375 120 \ in. 126,000 
2.0 600 4.450 80 % in. 176,000 
1.3 800 3,375 120 14 in. 126,000 
0% 700 1,830 105 win. 55,125 
1.77 1,025 4,100 150 in. 315,000 
0.9 300 2,750 40 4 in. 42,000 
2.4 400 5.075 60 5g in. 157,500 
3.5 425 6,760 65 % in. 239,000 
1.2 320 2,220 50 % in. 52,500 
Comine Out Loapep.* 
0.3 700 2,600 W5 4 110,000 
1,399,125 
nn oi aGe Eee ck ShgnGane elie saveseses Se0doeduen 279,825 
EE aR asa trac likeeehdechGetesSekblceksennsiue sabes yssasensesse 1,678,950 cu. in. 
*Returning with loads, it is possible that there is only one grade that the trip will 


have to be hauled. 
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This equals 975 cu. ft. at 130 lbs. pres- 
sure used in hauling the required loads on 
a single round trip. Since we should re- 
turn to the starting point with 130 lbs. in 
the locomotive storage, it is evident that 
the volume of the tanks must allow for 
the use of 975 cu. ft. in addition to 1 vol- 
ume at 130 lbs. 


Let lV’ = volume of storage on lo- 
comotive ; 
P’= pressure of storage on 
locomotive; 
P = working pressure; 
I’ = volume at working pres- 


sure necessary to do the 
work required. 

Then the product of the volume of the 
locomotive storage by its pressure must 
equal the sum of the volume necessary to 
do the work required multiplied by the 
working pressure, and the locomotive 
storage volume by the working pressure, 
thus, 

PV=pl-+ pl’, or, V 1p 

130 


975 - - 
979 6504-130 


If 650, then |” 

With one locomotive of this kind in ser- 
vice and making trips every 30 minutes, 
we must arrange for a compressor capa- 
ble of compressing 975 cu. ft. at 130 Ibs. 
in this time. Since it is customary to 
rate compressors at their capacity in free 
air per minute, the above is equivalent to 
975 * 130 


288 cu. ft. free air per minute 
14.7 X30 


244 cu. ft. 
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This must be compressed to 800 lbs. in 
the compressor, and stored in stationary 


storage. If X is the volume of the sta- 
tionary storage, P’ = sa pio 
. ,P'—fp : 650 — 130 
A=l —— Pe). . - —sg 
P—P’, or X ‘e— 65077 846 cu. ft. 


The length of the haulage is 5,385 ft., 
hence the cross-section of the pipe neces- 
sary to furnish the requisite storage is 

$46 ; 
== .157 sq. it, 
5.385 : 


From table No. 2 this would require a 
51% in. pipe, but for practical purposes it 
is possible that a 5 in. pipe would be se- 
lected. 

Vable No. 3 gives the horse-power nec- 
essary to compress 100 cu. ft. free air per 
minute, and from it we see that it would 
require 2.88 X 32.5 = 93.6 H. P., hence, 
we would be compelled to arrange for a 
boiler capacity of practically too H. P., 
provided we used a three-stage compres- 
sor, as is the general custom. 

In the use of such high pressures too 
much care cannot be given the construc- 
tion of the pipe line. It is found necessary 
to use specially designed flanges, bends 
made from the same kind of pipe as that 
composing the line and “tees” of specially 
heavy construction. 

The flanges should average about 250 
apart and all joints screwed as tight as 
possible. It is preferable to support the 
pipe near the roof on posts specially set 
for the purpose. If laid on the ground 


TABLE NO. 3. 


HorsEPOWER NECESSARY TO CoMPREsS 100 CU. FT. oF 


FREE AIR TO VARIOUS PRESSURES 


AND WitH Two-, THREE-, AND Four-STAGE COMPRESSORS. 


HORSEPOWER NECESSARY. 


Gauge ) 

Pressure. Two Three- Four- 
Stage Stage. Stage. 

100 15.7 15.2 14.2 
200 21.2 20.3 18.8 
300 24.5 23.1 21.8 
400 27.7 25.9 24.0 
500 29.4 27.7 24.9 
600 31.6 29.5 27.4 
700 33.4 | $1.2 28.9 
800 34.9 | 82.5 30.1 


HORSEPOWER NECESSARY. 


Gauge - caer sa SS oe 
Pressure. Two- Three- Four 
Stage. Stage. Stage 
900 36.3 33.7 | 31.0 
1,000 37.8 34.9 } 31.8 
1,200 39.7 36.5 33.4 
1,400 41.3 37.9 34.5 
1,600 43.0 39.4 35.6 
1,800 44.3 40.5 | 36.7 
2,000 45.4 41.6 7.8 
2,500 43.0 39.0 
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they will soon deteriorate from the mois- 
ture collecting on them. There should be 
drip cocks at all low points so that the 
pipe can be drained from time to time. 
Where there is a large amount of dust in 
the atmosphere from which the air sup- 
ply comes, it is good practice to filter the 
air through water and although this 
method thoroughly saturates it with mois- 
ture, yet it produces no serious trouble in 
compressing.—H. K. Myers, C. E., in 
Mines and Minerals. 





Notes. 


The best way to keep a mine pump oper- 
ated by compressed air from freezing is 
to reheat the compressed air in the mine 
close to the pump. Not only will the diffi- 
culty of freezing be removed but there will 
be a large gain in efficiency. ‘The reheat- 
ing is comparatively inexpensive. 


The Garry Iron and Steel Roofing Com- 
pany has taken contracts for revolving 
pneumatic cranes for the Rock Island Rail- 
road at Bureau, Ill., and for the Canadian 
and Atlantic Railroad at Ottawa, Canada. 
The company recently shipped a pneumatic 
painting machine to Russia. 





The Reason Automatic Air Pump Com- 
pany, Pontiac, Mich., have incorporated. 
with a capital of $12,000, to manufacture 
automatic air pumps for automobiles, 
bicycles, &c. For the present they have 
their work done by contract, but in the 
near future they expect to erect a plant. 


The Clayton Air Compressor Works, of 
Brooklyn, N. Y., is about to ship air com- 
pressor equipments to Aberdeen, Scotland, 
and Paris, France, for use with pneumatic 
tools. The Clayton Company is under- 
stood to be figuring on some important in- 
quiries from both the German and Japan- 
ese Governments. 


At a meeting held in Newark on May 
31, Thomas A. Edison was elected presi- 
dent of the recently organized $1,000,000 
Edison Storage Battery Co. John F. Ran- 
dolph, of New York, was elected secretary 
and treasurer. The factory will be located 
on the premises of Mr. Edison’s present 
factory at Glen Ridge, N. J., which wiil be 
enlarged for the purpose. 
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An interesting feature of the Baldwin 
Locomotive Works’ exhibit at the Pan- 
American Exhibition is a large locomotive 
which will be jacked up and run by com- 
pressed air. This locomotive is to be sup- 
plied with compressed air from two No. 3 
Pedrick & Ayer compressors, which will 
pump the air into the boiler of the locomo- 
tive. 


Mr. Cecil B. Smith, Mem. Can. Soc. 
Civil Engineers, Assistant Engineer City 
Engineer's Department, Toronto, Canada, 
and formerly Assistant Professor of Civil} 
Engineering McGill University, and Mr, 
Wm. S. Aldrich, Mem. Am. Inst. E. E,, 
Mem. Am. Soc. M. E., Professor of Elec- 
trical Engineering, University of Illinois, 
have opened an office as Consulting En- 
gineers, Rooms 101-103 Mail and Empire 
Building, Toronto, Canada. 


A new department, entitled Practical 
Mining Studies, has been added to Mines 
and Minerals, Scranton, Pa. It is in- 
tended to furnish a series of lessons in al} 
departinents of practical mining work. 
The staff of engineers connected with the 
mining courses of the International Cor- 
respondence Schools and many special 
contributors will unite with the editors 
in making this new department a valuable 
aid to all readers. 


The Stillwell-Bierce & Smith-Vaile Com- 
pany, Dayton, Ohio, and Chicago, have re- 
cently been awarded contracts for pump- 
ing machinery, including a 750,000-gallon 
pump for Mondovi, Wis.; two 1,000,0009.- 
gallon pumps for Fort Atchinson, Kan, 
and the complete machinery and a 1,000,- 
o000-gallon pump for Grand Rapids, Mich. 
The company have just issued circulars 
describing their Smith-Vaile electric 
triplex pumps for office buildings, apart- 
ment houses and residences. Several of 
these have already been installed in subur- 
ban residences. 


At the Master Mechanics’ and Master 
Car Builders’ Conventions, of the Rail- 
roads of the United States, held at Sara- 
toga Springs from June 19 to 25, in 
clusive, the Standard Pneumatic Tool 
Company had an exhibit of their “Lit- 
tle Giant” Pneumatic Tools and Appli- 
ances in actual operation, showing their 
adaptability to various classes of work, 
They have placed quite a number of 
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new air machines on the market during 
the past year, and their exhibits were 
novel, interesting and instructive. 





A pamphlet describing two systems of 
pumping water by compressed air has been 
prepared by Ralph B. Carter, 26 Cortlandt 
street, New York City. His air lift system 
is particularly interesting from the device 
at the end of the air and delivery lines, 
an illustration of which is shown. The 
pamphlet also describes direct-pressure 
displacement pumps for surface water, and 
some of the illustrations show an installa- 
tion of this type at the New York State 
Hospital at Gowanda, where a supply is 
taken from springs a mile from the power 
station and forced over a mile to an ele- 
vated tank. 





The Rippley Hardware Co., Grafton, 
Ill., U. S. A., are the manufacturers of the 
Compressed Air Sprayer, which they are 
offering through the hardware and imple- 
ment trade. It is said to be a most com- 
plete compressed air hand sprayer. The 
sprayers are furnished with tin pumps and 
zinc caps; also with brass pumps and brass 
screw caps. The makers claim that it is 
not necessary to have a special glass jar 
for the purpose, as any common glass jar 
will fit it. Their 5-gallon sprayers are 
used for spraying trees, nursery stock, 
shrubbery, vegetables and tobacco; also 
for white washing poultry houses, fences, 
barns, and washing windows, buggies, etc. 


We have just received copy of a new 
catalogue from the press which illustrates 
and describes the latest types of New 
York-Franklin Air Compressors, de- 
signed for the operation of pneumatic 
tools and machinery in machine shops, 
boiler shops, shipyards, foundries, stone- 
yards, mines and tunnels, for sinking 
caissons and for every other service to 
which compressed air is applied. 

The catalogue also contains much valu- 
able information and data relating to the 
points to be considered in the selection of 
air compressing machinery and its proper 
installation in the attainment of the high- 
est economical results. It is handsomely 
illustrated and printed and will be sent 
postpaid to all interested inquirers. 





In view of the large number of students 
who will visit the Pan-American Exposi- 
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tion, the International Correspondence 
Schools, Scranton,, Pa., have established 
an information bureau at their Buffalo 
office. Arrangements have been made to 
secure accommodations both in hotels and 
private families during the Exposition. 
The Schools state that no rooms can be 
secured at less than $1 per night for each 
person, and that persons wishing rooms 
held for them must forward remittance 
to pay for the time the rooms are wanted. 
Needless to say, the information bureau is 
conducted free of charge. All correspon- 
dence intended for the information bu- 
reau should be addressed to the Interna- 
tional Correspondence Schools, Ellicott 
Square Building, Buffalo, N. Y.  Stu- 
dents and others visiting the Exposition 
are invited to call at the Buffalo office. 


Allen’s Portable Pneumatic Riveting 
Machines, are set forth to great advantage 
in a neat pamphlet of 20 pages, sent out by 
Tohn F. Allen, 370-372 Grand avenue, New 
York City, U. S. A. The Allen Pneu- 
matic Works were established in 1872, and 
are justly celebrated for their Portable, 
Pneumatic, Percussion, and Compression 
Riveting Machines, for structural elevated 
railroad work, bridge building and boiler 
making. The letters of commendation, 
and numerous testimonials printed by 
them, speak in forcible language of the 
merits of their machines. On pages 18 
and 19, a list is published showing some of 
the establishments in the United States 
and Canada in which their riveters are in 
operation. This said partial list shows 108 
of the largest machine, bridge and iron 
construction works in the United States 
and Canada. Correspondence is solicited 
by the makers with all who could use these 
machines. 


Liquid air comes to the front again in 2 
new department as a public benefactor. 
This time it is exploited as a mosquito 
killer. One William C. Levere of Chicago 
proposes to furnish liquid air to families 
in pipe lines the same as gas, and when 
you are kept awake at night by the musi- 
cal probers all you have to do is to reach 
out of bed and turn on the liquid air, tak- 
ing care not to be killed by the falling mos- 
quitoes. To be sure, were it possible to 
deliver liquid air in this way one might be 
frozen to death in kiliing the mosquitoes, 
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but of course that would be a secondary 
cc nsideration. 

To the incredulous scoffer at Levere’s 
idea it may be well to say that the difficul- 
ties in the way of this plan are no more 
numerous than those in the other schemes 
which have been used to induce green in- 
vestors to put in their little savings, think- 
ing they were going to revolutionize the 
world by liquid air inventions. 


The Sullivan Machinery Company, of 
Chicago, has recently become successors to 
the M. C. Bullock Manufacturing Com- 
pany, and in the future will manufacture 
the complete line of diamond drills, rock 
drills and mining machinery formerly put 
on the market by the two concerns. Since 
this change in management the Sullivan 
Company has transferred its western 
works into the larger and more commodi- 
ous biilding formerly occupied Ly the Bul- 
lock Company. 

A line of Corliss air compressors and 
Corliss hoists of all sizes are now being 
built, which has necessitated the complete 
overhauling and enlaiging of tis plant. 
Two new buildings have lately been erect- 
ed, and are now almost ready for us lhe 
Sullivan Company has recently extended 
its western agencies to the Pacific coast, 
and now in addition to the Denver office in 
charge of R. D. Hunter, a branch office 
has been opened in Spokane, Wash., under 
the management of M. J. Ready. 


A new type of rock drill, capable of giy 
ing solid cores, was used lately for making 
trial borings in connection with the great 
power plant to be installed at Niagara on 
the Canadian side of the Falls. Owing to 
the great rise in the price of diamonds, 
the cost of extracting cores by the diamond 
drill has recently been greatly increased, 
and consequently resource was had to the 
new drill in question, which is the inven- 
tion of Mr. F. Harley Davis, an Australian 
engineer. The cutting is done by steel 
teeth, the drill being slowly rotated under 
heavy pressure, whilst a constant supply of 
water is maintained about the cutting 
edges by means of a special pump. All 
the rock chippings made are automatically 
collected in a special receiver, where they 
form a regular succession of strata, and 
supplement the information to be gained 
by the inspection of the cores obtained. 
The drill is not intended for attacking the 
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hardest class of rocks, but is said to be very 
satisfactory when used on softer material, 


The A. §S. Cameron Steam Pump 
Works, of New York City, have a very 
fine exhibit of their pumps at the Pan- 
American Exposition at Buffalo which 
should interest all engineers. The exhibit 
is in charge of Mr. P. E. Leahy, president 
of the National Association of Stationary 
Engineers, and Consulting Engineer for 
the Cameron Steam Pump Works. The 
exhibit consists of eight of the Cameron 
pumps, showing a variety of the direct- 
acting type and including the following: 
The “regular” type for general service, the 
special “Boiler feeder” pump, the vertical 
piston mining pump, vertical plunger 
sinking pump, the horizontal plunger sta- 
tion mining pump cut in sections for mule 
back transportation in mountainous coun 
tries, the sectional plunger sinking pump, 
the vertical engine and deep well pump 
for artesian wells, and a pump cut into 
sections to illustrate the mechanism and 
principle of operation of the Cameron 
type of pump. The exhibit is shown in 
the Machinery Division of the ‘Trans- 
portation Building in Block No. 25 It 
need hardly be added that all visitors will 
be welcomed and the various features of 
the exhibit will be shown in detail to all 
who are in any way interested. 


The Ferguson heater and kindler, which 
was put on the market about a year ago 
by Mr. W. M. Simpson, Chicago, has been 
found useful for a number of purposes 
besides kindling fires in locomotives, for 
which it was originally designed. ‘he ap- 
paratus consists of a tank containing oil, a 
hose coupling for connection with the com- 
pressed air system, a hose terminating in 
a nozzle for spraying the mingled oil and 
air, and a valve for controlling the relative 
proportions of oil and air. The tank is 
mounted on a truck, so it can easily be 
moved from one point to another. 
have shown that with this heater a steel 
tire can be removed or put on a driving 
wheel center in nine minutes without re- 
moving the axle from the locomotive. For 
this operation about two quarts of crude 
oil is required. It has also been used ex- 
tensively for heating bent locomotive 
frames, replacing more elaborate devices 
which have been in use. For straightening 
heavy parts the heater has in some cases 
been added to the wreck car equipment. 


Tests 
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Another use for which it seems particu- 
larly adapted is in the repair of steel freight 
cars. The longitudinal members of these 
cars are usually bent more or less in 
wrecks, and the portable heater has been 
found very convenient in straightening the 
bent parts without removing them from 
the car. One of these heaters will be ex- 
hibited at the Saratoga convention. 





The pneumatic combined door check 
and spring for screen doors shown here- 
with is put on the market by the Pullman 
Sash Balance Company, Rochester, N. Y. 
The spring is made from the same stock 
as the Pullman sash balances. The check- 

















PULLMAN PNEUMATIC Door CHECK AND 
SPRING. 


ing tube is made of polished brass, and 
has a controlling valve at the end which 
is adjustable by the fingers. The remainder 
of the check is gold bronzed. It is 
applicable to a right or left hand door 
without any changing of parts, and can be 
used on doors with or without spring 
hinges. The manufacturers claim that the 
check will close a door quickly or slowly, 
that it does not require any mortise and 
that it is easily applied and can be put on 
by any one. The check is referred to as 
low in price. 

Another use of compressed air is illus- 
trated in a new concentrator and drier 
manufactured by the Hooper Pneumatic 
Milling Co., of 515 West 30th street, New 
York City. Briefly, this consists of a 
substantial base supporting a box-shaped 
top inside, which is a rubber diaphragm 
resting on a perforated metal sheet. At- 
tached to the lower side of this rubber 
partition are two arms running on two ec- 
centrics on the driving shaft in the base. 





Flaps are cut-in the rubber sheet opening 
upward so that as the eccentrics pull the 
diaphragm down air is drawn into the 
upper portion through the flaps, which 
close on the return stroke, and the air is 
thus forced up into a second smaller 
chamber just above the main table portioa. 
This is also closed by a rubber diaphragm. 

bove this second chamber is the concen- 
trating table mounted on a universal joint, 
so that any desired tip may be given to it. 
The table itself is composed of two sets of 
lattice strips, the upper ones inclined at 
45 degrees one way and the lower at 45 
degrees in the other direction. 

It is seen that the air blowing up 
through the slats will lift the crushed par- 
ticles to a greater or less extent, depending 
upon the weight of each particle. In other 
words, the lighter particles are raised to 
the level of the upper strips and run down 
to one side, while the heavier particles are 


‘caught by the lower strips and thrown to 
* the other side. 


In handling lead it is claimed that the 
apparatus proved itself 14 per cent. better 
than the water tables and that very satis- 
factory results are obtained with other 
ores. 


At one of the large mines in California 
the plant which is installed comprises two 
horizontal return tubular boilers 54 inches 
in diameter by 16 feet long, one 12x12- 
inch double cyclinder hoisting engine, a 
14x22-inch duplex air compressor and a 
smaller steam engine for driving a rock 
breaker and ventilating fan. The fuel is 
crude oil, presumably the product of the 
southern California wells. The hoisting 
and rock breaker engines are steam driven, 
while 1 150-horsepower Westinghouse in- 
duction motor drives the compressor, 
vhich furnishes air at eighty pounds pres- 
sure for the rock drills. The air com- 
nressor was formerly considerably under 
Icaded for the gicater part vi the time, 
being worked at about fifty per cent. of its 
capacity. It appears that the electric power 
company will not furnish at this point less 
thai 200 amperes at a potential of 600 
volts, at anything approaching a reason- 
able price, and inasmuch as this amount 
of current must be paid for whether used 
or not, it was determined to put it to some 
use with the present apparatus. The 
motor and air compressor are now worked 
to their full capacity, and the excess of air 








1435 


is forced into the steam boiler. At times 
when the load on the hoisting and breaker 
engines is very light, the compressed air 
becomes the only motive fluid, the con- 
sumption of oil under the boiler falling al- 
most to zero, the boiier merely serving as 
a heater for the compressed air, while with 
the usual load the steam is empioyed to 
make up the deficiency. The saving in oil 
under the average full load is claimed to 
be 250 gallons in twenty-four hours, which 
amounts to about $10 per day. The great- 
est difficulty experienced in thus utilizing 
the compressed air is said to be in securing 
proper lubrication of the engine cylinders. 
The steam is exceedingly dry, and when 
the load is reduced beyond a certain 
amount the quantity of steam furnished is 
insufficient to provide the required amount 
of condensation for the lubrication. It is 
stated in this connection, however, that this 
difficulty can readily be overcome by em- 
ploying force feed lubricators, the use of 
which is anticipated should the existing 
conditions continue for any great length 
of time—Mining Reporter. 


The accompanying sketch illustrates a 
form of rock drilling machine and a meth- 
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od of breaking stone without the use of 
explosives which may prove of service in 
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coal mines where there is a danger of 
fire damp. 

If as successful as it is claimed to be, 
it should also be of service for tunneling 
in certain kinds of rock, eliminating as it 
would the loss of time due to getting rid 
of smoke and gas after an explosion. 

It will be noticed that the wedging de- 
vice is much the same as that employed in 
“plug and feather” work in quarrying, ex- 
cept that the feathers and wedge have 
grooves and tongues, which prevent the 
wedge slipping out of line. The inclina- 
tion of the part is such that the strain be- 
gins at the inner end first. 

This is the invention of F. Eisenbeis, 
Wellesweiler and F. Garelly, Jr., Saar- 
briicken, both of Germany. 





AIR BRAKES 


BRING FAST MOVING 
TRAINS TO A DEAD 
STOP WITHOUT JAR- 
RING THE PASSEN- 
GERS. 


MADE BY 


The 
Westinghouse Air Brake Co., 


Pittsburg, Pa. 
21V 
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U.S. PATENTS GRANTED MAY 1903, 


Specially prepared for COMPRESSED AIR, 


673.407. APPARATUS FOR SUPPORTING 
RIVETING-TOOLS. James H. Mull, Phil- 
adelphia, Pa., assignor to the Pneumatic 
Tool Improvement Company, same place 
and Camden, N. J. 
Serial No. 10,330. 


Filed March 27, 1900. 





A riveting apparatus, in combination, u 
support adapted to be detachably secured to 
the structure upon the rivets in which the 
supported riveting machine is to operate, a 
bracket or hanger mounted on and adapted to 
have swiveled or rotative movement with re- 
spect to said support in the plane of a carrier 
bar mounted on or in said bracket or hanger, 
a carrier bar mounted on or in said bracket 
or hanger and free for longitudinal move- 
ment with respect thereto, means for securing 
said bracket or hanger in different positions 
of rotative adjustment, and a riveting ma 
chine secured by a flexible or universal joint 
to said carrier bar. 


673,408. APPARATUS FOR SUPPORTING 
RIVETING-TOOLS. James H. Mull, Phil- 
adelphia, Pa., assignor to the Pneumatic 
Tool Improvement Company, same place 
and Camden, N. J. Filed March 27, 1900. 
Serial No. 10,333. 


673,444. RIVETING APPARATUS. James 
H. Mull, Philadelphia, Pa., assignor to the 
Pneumatic Tool Improvement Company, 
same place and Camden, N. J. Filed March 
27, 1900. Serial No. 10,3382. 


673,445. RIVETING APPARATUS. James 
H. Mull, Philadelphia, Pa., assignor to the 
Pneumatic Tool Improvement Company, 
same place and Camden, N. J. Filed March 
27, 1900. Serial No. 10,334. 


A riveting apparatus, including, in com 
bination, a carrying or supporting structure, 
a cylinder mounted in said structure and free 
for lateral tilting motion in various directions 
but secured against movement in the line of 


its own axis, a riveting machine embodying 
a rapidly reciprocating hammer mounted 





within the closed bore of said cylinder and 
formed or equipped with a piston-head mak- 
ing contact with the wall of said bore, the 
respective ends of said machine extending 
beyond the respective ends of said cylinder, 
n:eaus tor supplying air pressure to said 
cylinder. 

673,566. AIR-BRAKE COUPLING. John H. 
Phillips, Pottsville, Pa. Filed August 24, 
1900. Serial No. 27,941. 

673,682. PNEUMATIC SPRING FOR VE: 
HICLES, William W. Humphries, Shef- 
field, Ill. Filed January 22, 1901. Serial 
No. 44,297. 

673,725. PNEUMATIC DESPATCH - TUBE 
CARRIER. Albert W. Pearsall, Mount Ver- 
non, N. Y., assignor to the Pearsall Pneu- 
matic Tube and Power Co., New York, N. 
Y. Filed February 21, 1901. Serial No. 
48,354. 

673,774. LIQUID-AIR APPARATUS. Thos. 
J. Hathaway, Gulfview, Miss., assignor of 
one-half to Lincoln H. Clevenger, same 
place. Filed July 20, 1900. Serial No. 
24,254. 

673,978. COMPRESSED-AIR LOCOMOTIVE 
CARRIAGE. James T. F. Conti, Paris, 
France. Filed September 9, 1895. Serial 
No. 561,909. 
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673,993. COMBUSTION MOTIVE - FLUID 74,7384. AUTOMATIC PRESSURE RE 
GENERATOR. Horace L. Arnold, Brook- TAINING DEVICE FOR) AIR-BRAKES, 
lyn, N. Y., assignor to John A. Hill, Man- ian R. Ide, Salisbury, N. C. Filed Oc 
hattan, New York, N. Y. Filed February tober 17, 1900. Serial No. 33.388. 


17, 1900. Serial No. 5,575. 
fe MaRS = : . 674,808. AUTOMATIC GOVERNO : 
674,098. PNEUMATIC GRAIN-LOADER.  “'ELUTD.COMPRESSORS | Niels AU Chet 
tensen, Milwaukee, Wis. Filed August 21, 

1899. Serial No. 727,993. 


James E. Shepard, Kentland, Ind. Filed 
November 7, 1900. Serial No. 35,750. 

674,157. PNEUMATIC SHUTTLE-MOTION 
FOR LOOMS. William H. Baker, Central 
Falls, R. I., and Frederic E. Kip, Mont- 
clair, N. J. Filed March 23, 1900. Serial 
No. 9,842. 

674,351. LIQUID-ELEVATING APPARA- 
TUS. Charles H. Atkins, Camden, N. J., 
assignor to Warren Webster, Merchant. 
ville, N. J. Filed February 11, 1901.  Se- 
rial No. 46,849. 














A liquid-elevating apparatus, the com 
bination of a liquid-conduit having a portion 
of its wall formed of porous material and an 
outer casing covering said porous portion and 
provided with an air-inlet, whereby air may 








enter through said inlet and porous wall into An automatic governor for fluid-compres 
the column of water passing through said ‘S'S, comprising, in combination with a com- 
tego pressor, a reservoir and a check-valved reser- 
ae voir supply-pipe therebetween, a_ fluid-pres 

74,3873. PNEUMATIC - DESPATCH SYS sure-actuated vent-valve device communicat 
TEM. Maurice Anderson, Chicago, Ill. ing with said pipe on the compressor side of 
Hed December 5, 18098. Serial No. 698, the check-valve, a connection between the 

( 


vent-valve and said pipe on the reservoir side 
674.426 PNEUMATIC PIANO - PLAYING of the check-valve and a governor interposed 


DEVICE. Robert W. Pain, New York, N. in said last-mentioned connection for regulat- 
, =. i . : ing the admission of pressure to actuate the 
Y., assignor to the Aeolian Company, of Con ne. ar Ti 2 s aceieailiate da ik aimiacdanah i ‘ 
necticut. Filed September 11, 1900. Serial vent-vaive when the reservoir-pressure bas 
29.710. _ =" Peta © : reached maximum, which governor comprises 
as deal a casing having a chamber having ports com 
674,436. PNEUMATIC TIRE. Wallace Coy-  municating respectively with the supply-pipe 
intree, Mays Landing, N. a assignor to and with the vent-valve, a spring-pressed 
John A. Wiedersheim, trustee, Philadelphia, movable abutment in said chamber exposed 
Pa. Filed April 16, 1900. Serial No. 13,- to reservoir-pressure, and a valve actuated 
018. by the abutment to control the port to the 


vent-valve and having a lost motion with re- 


674,460. SEAT FOR AIR-BLAST VALVES. — spect to such abutment. 


Willard Fuller, Cleveland, Ohio. Filed De- 
e 3 900. Serial No. 39,631. ‘ . 
Seeeee Ee, SUES. HEIR Ho. 90,65) 674,819. DIRECT-ACTING AIR - PUMP 


674,493. AIR-BRAKE. Andrew J. Brislin, Frederick M. Wheeler, Montclair, N. J., as- 
New York, N. Y., assignor to the Standard signor to the Geo. F. Blake Manufacturing 
Air Brake Company, same place. Filed Company, New York, N. Y. Filed Septem- 


May 28, 1900. Serial No. 18,230. ber 9, 1899. Serial No. 729,920. 
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674,829. AIR-PUMP FOR BICYCLES. John 
Furbow, Cumberland, Canada, assignor to 


Elizabeth Furbow, same place. Filed Oc- 
tober 8, 1900. Serial No. 32,369. 

674,881. ROCK - DRILLING MACHINE. 
Martin Shuster, Greatfalls, Mont. Filed 
Jan. 24, 1901. Serial No. 44,596. 

674,958. AUTOMATIC REGULATOR FOR 


PNEUMATIC FLUES. Charles B. Caffey, 
Bastrop, Tex. Filed October 15, 1900. Se- 
rial No. 33,155. 


674,971. COMBINED HANDLE AND 
THROTTLE-VALVE FOR PNEUMATIC 


TOOLS. Henry J. Kimman, Chicago, IIl., 
assignor of one-half to Edward N. Hurley, 
same place. Filed October 8, 1900. Serial 
No. 32,395. 











In mechanisms of the class described, the 


combination of a main tubular portion, a 
valve-bushing secured within the same, a re- 
ciprocatable valve seated in such bushing and 
provided with a stem portion extending with- 
in such valve-bushing and an _ air-passage 
through such stem, a pin on such valve-stem 
extending out through the bushing and main 
tube, and a rotatable sleeve mounted on the 
main tube and provided with a spiral or cam 
groove engaging with the valve-stem pin to 
operate the valve. 

674,976. AIR-MIXER AND REGULATING- 
VALVE. Thomas C. Moore, Dublin, Ind., 
assignor of two-thirds to A. G. Paxton and 
W. k. Floyd, same place. Filed March 17, 
1900. Serial No. 9,095. 

674,977. AIR-BRAKE SYSTEM. Alexander 
H. Moyes and Alexander W. Moyes. Og- 


den, Utah. Filed August 28, 1899. Serial 
No. 728,808. 
675,082. CHANNELING-MACHINE. Frank 


I. Beckman, Haverhill, Mass. Filed Sep- 
tember 6, 1899. Serial No. 729,665. 

675,100. AIR-BRAKE COUPLING. James 
McDougall, Buffalo, and John Verrie, De- 
pew, N. Y. Filed November 17, 1900. Se- 
rial No. 36,915. 

675,112. PNEUMATIC HOISTING APPA- 
RATUS. Robert A. Rutherford, Philadel- 
phia, Pa., assignor to the Pedrick & Ayer 
Company, same place. Filed August 9, 
1900. Serial No. 26,334. 

675,124. APPARATUS FOR EXCAVATING 
FROM RIVER-BEDS. Charles H. Brown, 
Port Huron, Mich., assignor of one-half to 
Stephen G. Martin and Abraham 8S. Martin, 
same place. Filed July 23, 1900. Serial 
No. 24,582. 

675,164. PNEUMATIC TIRE AND METHOD 
OF MAKING SAME. Theron R. Palmer 
and Frank X. Berrodin, Erie, Pa., assignors 
to Pennsylvania Rubber Company, same 
lace. Filed December 10, 1900. Serial 
No. 39,397. 

675,202. ROCK-DRILLING MACHINE. La- 
fayette Durkee, Denver, Colo. Filed No- 
vember 30, 1900. Serial No. 38,152. 
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An_ electric-power-driven rock-drill, the 
combination of the cylinder, the shell and the 
feed-screw, of the drill-holder having two re- 
movable abutment-collar projections at its 
central portion arranged at a short space 
apart and reciprocally mounted in said cylin- 
der, the right-angled crank-lever pivotally 
mounted in said cylinder and having its lower 
end divided into two arms and arranged to 
straddle said drill-holder, the crosshead slid- 
ably mounted on said drill-holder between said 
abutment-collars and operatively connected 
to the lower ends of said crank-lever, the 
springs surrounding said drill-holder on each 
side of said cross-head and arranged between 
said abutment-collars and said cross-head, a 
crank-shaft operatively arranged to oscillate 
one of the ends of said crank-lever, a flexi- 
ble shaft operatively connected to said crank- 
shaft, and an electric motor connected to said 
flexible shaft, and with a sleeve mounted on 
said drill-holder and secured against one of 
said abutment-collar projections an adjustable 
abutment arranged transversely across said 
cylinder and surrounding loosely said sleeve 
and comprising a nut surrounding loosely 
said sleeve, provided with a thread on its 
periphery, a collar threaded to said nut, a 
worm-gear on the periphery of said collar, a 
worm-pinion arranged in operative engage- 
ment with said worm-gear of said collar, and 
means for rotating said worm-pinion, and 
with the rifle-bar secured in the end of said 
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drill-holder, the fluted nut operatively mount- 
ed on said rifle-bar, the spring-controlled 
pawls arranged in said cylinder in operative 
relation to said lock, said fluted nut against 
rotative movement, and the hood secured to 
the end of said cylinder and arranged to cover 





the end of said rifle-bar. | 
675,246. PRESSURE-REGULATING APPA- ¥ | 
RATUS. John Roger, Denver, Colo. Filed 
February 7, 1901. Serial No. 46,425. 4 
675,251. PRESSURE-REDUCING VALVE = 
FOR AIR-BRAKES. Edward G. Shortt, . 
Carthage, N. Y., assignor to the Interna- 
tional Air Brake Company, Jersey City, N. | 
J. Filed September 13, 1899. Serial No. } 
730,299. | 
675,319. ROCK-DRILL. William S. Boyd, m 
3d, Los Angeles, Cal. Filed June 22, 1900, | 
Serial No. 21,177. | 
675,328. AIR - BRAKE. James Guinan, ; | 
Richmond, Canada. Filed September 10, } | 
1900. Serial No. 29,623. > 
675,337. PNEUMATIC STACKER. Ole A. f 
Mickelson, Winger, Minn., assignor, by di- Ps : 


rect and mesne assignments, to the [Foss- : : hi : s 

ton Wind Stacker Company, Fargo, N. D, Justable stop for controlling the point of 
Filed April 2, 1900. Serial No. 11,109. closure of said valve. — ' 

_ The combination with a regulating-valve 

675,340. REGULATOR FOR AIR OR GAS for producing the closure of the inlet to a 


COMPRESSORS. William Prellwitz, Eas compressor, of a cylinder containing a piston 
ton, Pa., assignor to the Ingersoll-Sargeant upon which the pressure in the receiver to 
Drill Company, New York, N. Y. Filed May which the compressor delivers acts to close 
26, 1900. Serial No. 18,175. said valve, a spring for holding said valve 
An air or gas compressor, the combination OPeP, a tension-adjusting screw for said spring 
with a valve for closing or regulating the 2nd an adjustable stop screwing through the 
area of the inlet to the compressor, of a cyl- tension-adjusting screw for controlling the 
inder containing a piston upon which the point of closure of said valve. 
pressure in the receiver to which the com- 675,355. TUNNELING DEVICE. William 
pressor delivers acts to close said valve, a S. MacHarg, Chicago, Ill. Filed May 16, 
spring for holding said valve open and an ad- 1898. Serial No. 680,811. 
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; CHAS. G. ECKSTEIN, 


MECHANICAL ENGINEER, 
Berlin, C., Germany. Spandauerstrasse 16-37. 


Makes it a specialty to sell 
Pneumatic Tools and Appliances 


and 


Compressed Air Machinery in General, 








in Europe. 


American Manufacturers of 


FIRST CLASS TOOLS AND MACHINERY 


in above line, seeking an effective representation abroad, are respectfully 
invited to correspond with the New York Office, 249 Centre Street. 


Seamless Rolled Steel Tubes 


FOR GASES, COMPRESSED AIR, ETC, 
UNDER HIGH PRESSURE, 
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In lengths up to 24 feet. 


Manufactured in Germany after the famous ‘‘ Mannesmann Process.’’ 


Representative : 
Tested and approved by the 


highest authorities and Gov- ? 

ernments of Europe and Ch G E kk 

America. ” as. o C stein, 
Each Tube is carefully tested, 

anda Government Test Cer- 


tificate is furnished with 249 Centre Street, New York. 
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“LITTLE GIANT ” 
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PISTON AIR DRILLS. - 










Easily handled and op- And express charges 


erated. Made to with- paid both ways if not 


stand hard service. satisfactory. 


GUARANTEED AGAINST REPAIRS FOR ONE YEAR. 


0 

0 

No Vibration. . . Use 50; less air and do 5 

No Delicate Parts. far more work than ”) 

No Ball Bearings rotary or any other ( 

to cause trouble. type of ‘air drills. ( 

Have Double-Balanced Made Entirely of Steel 

Piston Valves that Can be Run in Bath 

Cut-off at & of Stroke. of Oi, 
SENT ON 
-- TRIAL 
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MANUFACTURERS OF ALL KINDS OF 


Air Tools and Appliances, 


GENERAL OFFICES: EASTERN OFFICES: 


MARQUETTE BUILDING, No. 141 BROADWAY, 
CHICAGO, ILL. NEW YORK. 


OS SSSSSSSSSSSOSOSSCSOSDOOGOSOOODODOOSOOGOOO SD 


Standard Pneumatic Too ffo., 
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COMPRESSED AIR COMPANY. 


Controlling the American Air Power Company of New York 
and the Compressed Air Motor Company of Illinois, 


COMPRESSED 
AIR MOTORS 








FOR STREET, SUBURBAN AND ELEVATED RAILWAYS, 





VME BS, SF 
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The above cut is of a 28 foot Compressed Air Motor Car hauling two trail 
cats in Chicago. 


COMPRESSED AIR CO., 


621 Broadway, - - NEW YORK. 
1032 Monadnock Block, - CHICAGO, ILL, 
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We're making a Specialty of z 


Filling the foundryman’s wants. We're making a specialty of doing this 
neatly, quickly, and in a way that puts money in his pocket. 

We don’t undertake any job belonging to the iceman. We don’t know 
anything about cutlery. We couldn’t write a respectable looking article about 
lemon squeezers. Our ideas are very crude regarding fruit jars. Our experi- 
ence is very limited in setting saws. 

We leave all those lines to the journals that ‘‘covereth the whole earth.’’ 

We don't know it all and we don’t try to do it all. 

We have ‘‘ boiled down ’”’ and concentrated all our “know how”’ to the 
formerly neglected foundry business. 

We dish up every month the most appetizing nourishment for all kinds of 
foundries. Nothing but foundries mind you. 

Everyone has paid for his meal ticket too. Not a deadhead sits at our 
table. No ‘‘free soup’’ goes with us. 

Let us sandwich in an advertisement of the stuff you want the foundries 
to buy. 

It will be masticated all right. The orders you will get thereafter will 
show you that you have not advertised in vain. 


THE FOUNDRY, 


DETROIT, °° °° *% *.* MICHIGAN. 
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CORNELL & UNDERHILL | Janney, Steinmetz & Co., 


COLD DRAWN, HOT PRESSED 
Wrought and Cast Iron Pipe { 


com 


AND FORGED 


STEEL SHAPES 


} Boiler Tubes ; AND SPECIALTIES 
Artesian and Oil Well Casing 
a SEAMLESS COLD DRAWN 
: Iron and Brass Fittings } «=: SESTEEL SHELLS, CYLINDERS 
Valves and Cocks AND TANKS 


For Air, Water, Steam, Gas, Soda, 
Ammonia or Fluids under Pressure 
and Explosives. 


) Gate Valve and Hydrants 

Freight, Mine and Dump Cars 
$ Portable Track and Switches 
| CarWheelsof every description 


SEAMLESS STEEL TUBING, HEAVY SECTION 
TUBES, HYDRAULIC FORGINGS FOR 
CREAM SEPARATOR BOWLS, 
SEAMLESS STEEL TESTED 
TANKS OF SUNDRY 


13 GOLD STREET. DIAMETERS. 
DREXEL BUILDING, 


oa PHILADELPHIA. 
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} TELEPHONES, CABLE ADDRESS, 
FRANKLIN 2032-2033, ‘* CUBE,’’ NEW YORK. 
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*“PpEDRICK & AYER Co., 
PHILADELPHIA, el : 

PA. _ a ' 
COMPRESSORS 


These Compressors will compress more air § 
| at less cost than any other make, requiring no % 
PATENTED, auc 13 95S ID attention other than oiling; entirely automatic { 


: A ar in actiop, stopping and starting as air isre- 
| a / i: uired. Specially adapted for foundry use. §& 

: ‘an be run in series; if s0, no stoppage 
3 possible. S 
" COMPRESSED AIR ¢ 
Ay RIVETERS,HOISTS, 


CRANES anv OTHER '° 
TOOLS. 4 


Send for Catalogue. 


P Manning, Maxwell & Moore, ¢ 


Sore Acenrts, 
85, 87, 89 LIBERTY ST.,N.Y. ; 
22 SO. CANAL ST., CHICAGO, ILL. 
PARK BLDG., PITTSBURGH, PA. “ 
WILLIAMSON BLDG., CLEVELAND, 0. 
128-130 OLIVER ST., BOSTON, MASS, 
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WHEELER CONDENSER, & ENGINEERING. CO. 













NEW YORK. 
F SURFACE 
ws CONDENSERS 
MARINE Mounted on 
and Combined Ate 
STATIONARY ~~ 
Circulating 
SERVICE. Pree. 


PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER ; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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he Stearns-Roger Manufacturing Company, 
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3 CONSTRUCTING ENGINEERS. : 
3 Chlorination Mills, Electric Plants = ar E 
~~ Compressed Air Plants of any capacity. E 
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ROGER’S ITIPROVED CRUSHING ROLLS. 


Patented in the United States and Foreign Countries. 


the best type of roll yet devised. General Manager, 


i 
“These Rolls have been running very satisfactorily and appear to us to be unquestionably 3 
MOLLIE GIBSON & A. J. MILLS, Aspen, Colorado.” E 


| Manufacturers of all classes of Machinery for Mining and Metallurgical requirements. 
MAIN OFFICE, 1718-24 CALIFORNIA STREET, DENVER, COLO., U. $. A. 
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THE 


VENGINEFRING \ 
MAGAZINE 


AN INDUSTRIAL REVIEW 


The Engineering Magazine has been aptly described as 

"* The Century of the industrial world and the Review of 
Reviews to evgineciing literature — the two in one.” Its 
leading articles treat the.subjects uppermost in importance 
jn industrial affairs, Its contributors include the foremost 
S& men of oyr.temes. It gives each month an. exhaustive 
; Review and Index to the world-wide range of technical 
literature — Ameiican, English, French, and German. It 
is read in every nook and corner of the civilized world. It 
s is founded upon the idea of meeting the requirements of the 
% busy and brainy men who manage, think, and-plan for the 
§ engineering. architectural, electrical, rvilroad, mining, and 

, mechanical industries. It has a targer bona-fide circu- 
lation among such fen than has ever been attained by an 
ineering journal in all the history of industrial literature. 

It is priceless to the active man who needs to keep in touch 
, with current developments. Its every page carries a living 
interest for intelligent readers who are in any way con- 
& cerned with modern jndustrial enterprises. Its subscribers 
% are its warmest advocates and the. Magazine itself is its 
» best solicitor. Sample copy free. 


30 Cents a Number; $3.00 a Year. 








| McKiernan Drill Co., 


120 LIBERTY STREET, 
NEW YORK, 


MANUFACTURERS OF 


Rock Drills, Etc. 
Air Compressors 


| Various Types. Special Designs. Suitable 
for all Dynamic Purposes. 
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SOLE AGENTS FOR THE 
THE ENGINEERING MAGAZINE, Kennedy Patent Air Lift. 
s « §20-122 Liberty St., New-York, U.S.A. 


NARA RRR KEKE ERE _ 
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] 


‘Compressed Air 


ef 

Practical information upon Air-Compression : 

and the Transmission and Application : 
of Compressed Air. 


}By FRANK RICHARDS. 12mo, cloth, $1.50 
; John Wiley & Sons, New York, 
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Established 
18s33. 


Ht 





"The 


C. & G. COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


ComMPouND. 





TrIPLE ExpaANSION, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 
Horse-power. 





— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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Your Worst Competitor 


is the one equipped with our pneu- 
matic tools. If you are using ordinary 
tools, with valves that get out of order, 
and require frequent repairs, how can 
you keep up with him? 

Less than one fer cent. of our tools 
come back for repairs. 





Send for catalogue of our Pneumatic Tools, Chipping and 
Riveting Hammers, Piston Drills, Rotary Drills, 
Rammers, etc. 


Philadelphia Pneumatic Tool Co. 
1038 Ridge Avenue, Philadelphia 
New York Chicago Pittsburgh 
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FOR ALL PURPOSES WHERE 
COMPRESSED AIR IS 
REQUIRED 





AIR PUMPS, TANKS, GAUGES, AND AIR FITTINGS 


GLEASON-PETERS AIR PUMP CO., - 20 West Houston Street, N.Y. 6., U.S.A. 
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COMPRESSED AIR. 


MINING MACHINERY 





AIR 
COMPRESSORS 


ROCK DRILLS The Search 
for Work 


SIMPLE : 
The man who can do something 
DURABLE better than angeus oe doesn’ 
: . search for work. employers 
ECONOMICAL search for him. We teach the 
theory of engineering and the 
trades to men already at work. 
Thousands of our students have 
secured a 


Sreccneth Salary-Raising 
/ een Education 


in Mechanical, Electrical, Steam, 
Civil or Mining Engineering, 
Chemistry ; Architecture ; Plumb- 
ing: English Branches. 

When writing state subject in 
which interested, 


International Correspondence Schools, 
Box 1182, Scranton, Pa. 





Large 











SULLIVAN MACHINERY CO., 
SUCCESSORS TO 
M. C. BULLOCK MFG. CO., 


135 ADAMS ST. CHICAGO. 
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FOUNDRY 
MOULDING 
MACHINES 


OPERATED BY 


COMPRESSED AIR. 


Vibrator principle, avoiding strip- 
ping plates and expensive pat- 
terns, for both power and 

hand ramming. 
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Bsed tz. Officers of all Railroads 


THe POCKET LIST or 
$1.00 per annum. RAILROAD OFFICIALS 
THE OFFICIAL Advertising rates on application. 
RAILWAY EQUIPMENT pecn(foe7 ore) 
REGISTER senger cars of the Railways ond Prvate Com — +14 
the United States, Canada and Mexico i acca 
mE MAILWAY EQULEMuNT A Single copies, @1.00, 
RAIL ENT & PUBLICA 
24 Park Place, New York, pales 
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2 ARIZONA 2@ 


THE LAND OF 


Gold and Silver and Copper and Climate 


2. 
aed 


Send 25 cents for Special 3 mos. 
subscription to 


THE ARIZONA MINING PRESS 


(semi-monthly, $2.00 per year.) 


Write us to learn how nearly we 
have reduced pattern cost to nothing. 


THE TABOR M’F’G CO, 


Frederick Webb, Editor, Phenix, Arizona. ELIZABETH, N. J. 
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AIR COMPRESSORS 


ROCK DRILLS, 
MINING 
MACHINERY. 
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Cross Compound Corliss Air Compressor, 
Aurora Mine, Ironwood, Mich. 
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We make 40 styles and 300 sizes 
of Air Compressors. We manu- 
facture also Rock Drills (over 
35,000 sold), Stone Channeling 
Machines, Coal Cutters, Gadders, 
Quarry Bars, Air Lift Pumps, etc. 


Wwe 


} The Ingersoll-Sergeant 
Air Compressor 

Has been adopted by 
The Pennsylvania Railroad’ 
The Reading Railroad 


The Chicago & Northwestern, 
etc. 
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Class ‘‘H’’ Compound Air 
Compressor. 


we ee 


THE 


INGERSOLL-SERGEANT 


DRILL COMPANY, 


26 Cortlandt St., New York. 


Raa RR Rh Rk eh” 





RRR Rh Rh eR Re 


PP RRR RR RAE RR RR RARER RRR RR RAR RRR RR ROR RRR EE RR RAR Re R ROR RRR (RRR 























Oo 


NEW 
DESIGNS 
SUITED TO 
ALL 
USES OF 
COMPRESSED 
AIR. 


4 














NEW YORK AIR COMPRESSOR 
craxauiy rot iomescon jitices: 95 LIBERTY STREET, NEW YORK. 


4 


BUILT IN 
CORLISS 
COMPOUND 
DUPLEX AND 
SINGLE 
TYPES 
STEAM 
ACTUATED 
AND BELT 
DRIVEN. 


P74 


Cco., 


CATALOGUE 
UPON APPLICATION, 




















Air 
Compressors 


For Operating 
PNEUMATIC TOOLS, 
HOISTS, ROCK DRILLS 

and every other application of Com. 


pressed Air 


CLAYTON AIR LIFT SYSTEM 
BREWERS AIR PUMPS 


CLAYTON AIK COMPRESSOR WORKS, 


26 CORTLANDT ST., NEW 





Clayton Steam Duplex Type. 
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